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UNITED STATES ' ' 
ENERGY RESEARCH AND DEVELOPMENT ADMIN 1ST RATIpN 

* ^WASHIN&TOM, ox: 20545 

* • 

April 15, 1976 ' " 



The PreslcLent yof the Un:(ted States 
The President of the Senate 
The Speaker,jQ)f the House^of Representatives^ ^ 
Sirs: 



" / .... i 



I en9lose for yo^r consideration Volume I of ERDA 76*1, "A National 
Plan for J^ergy Research, Development, and Demons tratlbh - CY^atlng 
Energy Choices for j^he Future" containing the Plan. Volume I^v the 
' Program.^Implementatlon (Including both noimuclears and nuclear ^pro-r 
grams) Will be fgp/arded under separate cover a^ a later d^te^ V < 
expected tp be within ^he next 3B days. 

This is the first annual update of the Initial report, submitted t6 yot 
in June 1975 (ERDA*48) , and complies with the requirements of Section] 
^ 15 of the Federal Nonnuclear Energy Research atid Development Act of 

This, report represents at^>Volutlon^;j[^i^froach over the previous 
document. ERDA's proposed: National l^i^tfiias been expanded In scope 
and depth of coverage and the basic ^^t^jam^d strategy are refined, 
but « remain essentially Intact:. The t^^^^Mmia ERDA's current 



vl|vs on the energy technologies th^/l^£tloh^'yt^ need to achlevi 
lo^er- term ienergy Independence, specifically: / 

o The paramount^ role of ^ the private sector in the develap|^nt 
and commercializati6ii'^;6f new. energy technologies is addnss^d 



Conservat^bn^(energy efficiency) tsechnologl^ are singled 
out for increased attefntion and are now pBtnked with several/ 
supply technologies as being of the highest priority for 
national action T ^ 

The President's 1977 budget requests a large increase - 30% 
over 1976 - in funding for ^pe'^gY RD&D\with particillar 
emphasis on: ^ * 

■ . • * ■ • ... . » * . ■ , 

- accelerating energy RD&D programs dir^Mfed at achieving 
grea|;er long-term energy indepe^^c^tli 

'V • • . 
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- encouraging coist-sharlng^. Vlth private industry and 
avoiding the undertaking of BlP&b; more/ appropriately 
the responsibility of the privat^ secitor*, 

- supportitig the commercial di^onstrat>ion of synthetic 
fuel production by providing'' loan/ guarantees beginning* 
in FY/76. \ ' . ^ 

p Federal programs to assist^ industry in accelerating the 
market ^penetration Vf \^energy technologies with ne^r-term 
potentia^l are a key ei^^env.of ^he Plan, 

The Executive Summarj^ out:|.ines Specific cqnclusions and recommendations 
::;ibhat are presentec|[ more fully iri the'body^of the^ report*. 

I believe it^ is important that we achieve extensive Congressional and 
public disctisision'of th^ na^tional energy research, development and 
, demons tratibh considerations and recommendations contained in ERDA-48 
'^nd' described in fi^rther detail in the present report. Such public 
.discussion Is an essential part of the conmotr effort to arrive at an 
' effective approach" to the spilution of our energy problem - ,an approach 
tj^at in ten^s of r^sekrch, development and demonstration is basCT ;On 
the concept of creating energy choices for the future. 




Robert C . . Seamans , Jr . 
Administrator. 
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InUbe 1975 State of the Union ^message, Presi- 
dent Ford enunciated three national energy policy 
goals necessary ' for the Nation . to regain energy 
independence. These goals are reiterated in the 1976 
Energy Message: ' 

— ^"First, to h^t o^r growing dependence on im- 
ported oil during the next few critical years. 
—"Second, tb attain energy independence by 1985 
by. achieving' invulnerability to disruptiofas- 
causcd by oil import embargoes. Specifically, 
we must reduce oil imports to between 3 and 5 
. million barrels a day, with an^ccompanyiag 
ability to offset any future embargo with stored 
petroleum reserves and emergencj^ standby 
measures. ^ 
-r-*Third, to mobilise our technology and re- 
sources' to supply a significant share of the -free 
, • V*>rid's energy needs beyond 1985.** 

. ' . » . 

The following principles guided the development 
the program^ These principles are stiU sound 
today: c , 

— "Provide energy to ti\t American consumer' at 
the lowest possible cost consistent with fhe need 
for secure energy supplied. . 
— ^"Make energy decisions ^ consistent with our . 

overall economic goals. 
—"Balance environmental goajs with eflergy re- 
quirements.^ 

— ^*'Rely upon the private sector and market forces ' 
as the m9st efficient means of achieving the Na- 
tion's gold^ but Vet through the government 
where the private sector is unable to achieve our 



of 



— *^Seek equity among all our citizens in sharing 

of benefits and costs of our energy program. ^ 
^*Coordinate our energy policies with those of 
' othtr consuming nations ta promote 'interde- 
,pendence, as well bs independence.'* ' 

New technology that will help expand domestic 
energy supplies and improve the efficiency of energy 
vise^ is an essential tool in achieving .tHe President's 
energy goals. The introductioi^of new technolojgy re- 
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quires, in turn, a .major ' national effort in research, 
development and demonstration (RDi&D), carried out 
larj^ely in the private sector but supplemented by 
government-sponsored RD&D where/necessary. 

L^June 1975, the Energy Re^^arch yA Dcvcl- 
opijnent Administration (ERDAlAubmitfed to the 
Pre sident and the Congress a report entitled. A Na- 
tional Plan for Energy Research, Development and"^ 
Demonstration; Creating JEMtgy CbolQes for the 
Fnbue (ERDA-48). < ' 

Within the context of the President's goals for 
energy independence, the 1975 plan: - 
-Recommended energy R&D goals and objectives 
for thc-Nation. . . 
-Examined the potential timing and contribution 
of major energy technology options. 
— Ranked major t^hnologies and relatedthem to 
their potential energy contribution in the near, 
mid and long-term. 
-Discussed Federal and private scctoi; rple^ in 
^energy RD&D and described" the F^eral energy 
RP&D effort. , ^ 
The Plan also served as an important input to 
development of the President's attended 1976 
tljc 1977 budget request for energy RD&D fund- 



While ERDA's proposed plan is natiojial in 
scbpe, the Federal Government can neither tihilat- 
eTEtlly plan the course *o| national action nor accom- 
pi sh-all the neces?jiry actions defined ^y such a plan, 
Thisr planning process is a usieful mechanic because 
th^ Federal Government can use such an approacl^ 
s^^^one context for its own actions and as a wayio. 
piomote consensus on the Nation's apptDach to en- 
^erjy RD&D. In this regard ERDA-48 contributed 
'toTthis planning process in the following three ways: 
1. By estaUishing a likely order of technology 
introduction fron^ the near to the long tenn^ 
ERDA-48 identified current major guideposts 
for measuVmg and assessing the rate of tef hnol* 
ogy introduction. These guideposts can be use- 
ful in evaluating whether enough new technol- 
ogies are being introduced to solve the Nation's 
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energy problem, aiid in identifying possible, 
compensatory government action. \» 
ERDA'-48 proposed national energy RD&D 
priorities linked directly to this order of tech'- 
oplbgy intnwuctiont^Thpsc national priorities 
, are intend^ to be generally helpful in evaluat- 
ing the na^^al energy RD&D effort. In par- 
^ ticuTar, the priorities beiar on the alloQation of 
government RD&D resources. ^ * 

It stimulated debate on the technologicar op- 
tions open to the Nation in the context of the 
total energy probleii). 'ERDA believes this con- 
' text, which forces the weighing c^ jQl alterna- 
tives together, facilitates the ob)^^ evalua- 
V tion of individual* technologies. It is a debate 
that should be encouraged. 
AccoQiplishment of the activities identified in 
the proposed national plan needs: 1) agreement of 
' QTe private sector and UiQ public on the planning 
approach, and 2)''acceptan((e of both the role and the 
^ts of actions set forth ija tt)e plan to be carried out^ 
. by these entities. Thus, the development of a national 
planning approach must be iterative an^ dynamic. 
Newly discovered energy supplies, changes in energy 
' policy, sciendj^ successes and failures, economic 
conditions, actulkl progress in introduang new tech- 
nology — all these ^d more will change the Plan' 
Recognizing these dyn^i>}iCs,,t£[^ Congress instructed 
ERDA to report annu^lyjoavits progress during t|ie 
past year, and to revise annually its Plan and pro- 
gram. ^ 

Thii;^ document is the first such annual report 
. and Plan revision. Because it ranges widely, although 
not exhaustively, ^ across the' ^nerg3( problem and 
energy RD&D, this revised Plan* carries many themes. 
However, it returns repeatedly to the central theme 
that the development and introduction of new energy 
technology ' requires, the interaction of many prc^ 
ams, institutions, and individuals. 

Accordingly, Chajpter I of ERDA 76-1 presents 
an overview of the energy^ problem and the major 
requirements^or its solution. It then describes at 
some length\he relative roles of the participants in 
the solution and ^hy — and^hbw--^the .players must 
work together. v . \ 



The next tsvo chapters presen^the revised Plan 
and program. ChafKer II describes the Plan — a likely 
ordering of technology introduction an^d the related 
national RD&D priorities. This revised Plan is lot 
much different from ERDA-48. Substantively, the 
higher national priority assigned to conservation is 
the major revision. Additionally, this chapter restates 
Ind attefiipts to clarify some of the ERDAM8 mate- 
riaj^ 

Chapter III summarises the Federal energy 
RD&D program, which, of course, is only one part 
of the. national, activity under way. This chapter de- 
velops two important points. First, it discusses Federal 
RD&D program strate^es, emphasizing^rograms 
nearingvtfie point of market penetrationr^he inter- 
acttono^Fedend ED&D with the private market is a 
unique ahd cnicial^aspcct of ERPA's^mission. 'Sec- 
ond, thislchapter priescnts the, FY 1977 Fiederal en- 
ergy RDjS:D budget. (Volume II of tHis Plan, pub- 
lished separately, contains more detail on last year's 
progress and future prospects for each of the energy 
<JID&D programs.) 

Chapters IV and V turn to the -institutional 
mechanics necessary to implement the Federal RD&D 
and program. Chapter IV discusses the interactions 
between ER£>A and the puUic, the private sector, 
state and loc^ government agencies, other Federal 
Government agencies, and other countries. Successhil 
interaction will increase the likelihood of* early 
~ development and iinplomentatibn of new energy tech- 
nologies and 'realization of the Nation's eniergy goals. 
Chapter V describes the key elements of the analysis 
and planning system beifig ^developed and imple- 
mented by ERDA. 

\ The final chapters of this reports will be M spe- 
cial interest to thpse who want to follow clo^ly the 
analytic foundations of 'the Plan. Cliapirr VI dis- 
cusses the events, public cbmincnts, and new analytic 
results that have impact oii or harve shaped the Plan, 
and explains why Plan revisions were jnade; similar' 
materisd will be included in all future editions of the 
Plan. Chapter VII looks to the future', presenting 
ERDA^s current views of priority matters to be 
K- treatecKin greater depth in the'nexl Plan update. 
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Executive Summary 



Key Points of The Summary 

Repmendng an evolotion in a^iroach over \ 
initial planning of June, 1975^ this National Plan 
expands |lie scope and deptii bf coverage of the 
earner Plao-^The ImsIc goab and strategy are riefijfied, ; 
hot remain essentially intact 

Significaiit points of emphasis in this report are 
dis follows: 

• The paramount role of the private sector in the de- 
velopment and commercialization ofJtew energy 
teoi^ologies is addressed. 

• Conservation (energy efficiency) technologies arc 
singed out for increased attention anfl are now 
ranked with several supply technologies as being 
of th^highest priority tor national action. The 
prima^ res|K>nsibility for developing and bringing 
sinto use improved technologies for energy effi- 
ciency rests\wfth the private,sector but the Federal 
Govemment is increasing its funding for this area) 
to provide encouragement and stimulus to the 
total national effort, - 

• Federal programs to assist industry in accelerating 
the maricet penetration of energy technologies with 
near-terhrpetcntial are a key element in the Plan, 

• The close coordination of technology development 
with socioeconpmic and environmental, factors, at 
regional as well as national levels, is provided. 

• The President's 1977 Budget recognized the high^ 
priority of energy RD&D by proposing a greatly 

' expanded prberam at a level appropriate to the 
respoiftibilities of the Federal Govemment. Spe- 
cifically, it: 

Irr^Accelerated energy RD&D programs di- 



rccted at achieving greatei^ long-term energy 
independence. 

^Expanded efforts*lo assure the safety, 

reliability, and availability of commer- 
cial nuclear power plants. 

— = — Placed greatest funding on technologies-- - 
with the highest potential payoff in^ 



terms of recoverable resources (i.e.» 
¥' lf ' nuclear and fossil). 
? /^'^ inc^etocd the Federal invcst- 

' "^ ^J^ .^j^I' ment in conservation technologies. 
fV;^- 4^ expand the investigation 

• : ■ * of other techncrio^^ where they can. 
make significant contriljutions to meet- 
ing the long-term energy .reqoirements 
-of the U.S. (i.e., solar, and fusion). 
— Encouragdd^ eost-sharing with private indus- 
try (e.g., coal liquefaction * demonstrations) 
and avoided tmdertaking RD&P more ap- 
propriateiy the responsibility 9! the private 
/ sector (e.g., in areas of conservation tech- 

nology). ^ . . 

— Supported the commercial demonstration of 
. synthetic fuel production from coal, oil shale, 
" and other domestic .resources, by providing ^ 
loan guarantees beginning in FY 4976. 
• A new short-term, five-year-forward phinrtii^ cate- 
\,,^ry is* added to the Plan to focus ittenuon on 
opportunities for .technology developrtient that 
may have effect within five years. ' ^ 
, National priorities for energy RD&D arc not the 
same.as priorities fot- the allocation o£ Federal funds ^ 
for enh^ RD&D. In many cases. Federal spending 
for the development of a paiticular energy tech-* 
nology may not be justified because: 
—the RD&D function can better be performed 

by the private sector, , 
—the objective can better be achieved by some 

means other than RD&D, or ' 
— the funding required is not sufficiently high in 
priority compared to other demands for Federal 
. funds. ^ • ♦ 

Furthermore, the Icvfil of Federal resource com- 
mitment for any particular area, of energy technology 
is also influenced by the stage of technology deyel- 
opment as a tecfihplogy Jnoves from the less expen- 
sive research phase to tne more expensive pilot and 
demonstration plant pha&es. 

While ERDA's proposed plan is national in 
scope^ the Federal Govemment caja neither uni- 
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laterally plan the course'cf * national action nor ac- 
complish all the necessary actions defined by such 
a plan. This planning process is a useful nfechanism 
because the Federal Government can use such an 
approach as ope. context for its own actions and as 
a ^way to promote consensus on the Nation's ap> 
proach to energy RD&D. 



Background of ^he Plan 



The 
energy 



and continning 
limited energy 



Nadon faces a serious 
pi^Uetn characterized by 
ch<u€es and increasing dependence ^n diminishing dl 
and gas resoufces. This proUeni Is currently exempli- 
fied by an undue reifllmce upon imported fuejs. 

This serious energy problem' has come about 
because nfost of the fuel currently used by the Na- 
tion is in the form of petroleum and qatural gBs, and 
these fuel rescAirces are becoming rapidly depj^ed. 
Actions must be initiated tp prepare for a traction 
from dependence on oil andkgas to reliance on alte^- . 
native energy sources^ particularly coal and nuclear 
in the near and mid term. Historically, however, 
such transitions, as illustrated in Figure I, have re- * 
quired more than half a century. 

To provide alternatives, to undesirable depend- 
ence on oil and gas, tbe^ Nation^ must undertaice a 
program of feclinology ^development wbifch win be 
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SOURCE: 



CALENDAR YEAR 

HISTORICAL STATISTICS OF THE UNITED 
STATES BUREAU OF THE CENSUS; U.S. 
eCh^AU OF MINES. 1974 



Figure i U.S. Energy Consumption Patterns 



technologrcfitl^difReult and costly, and will require 
time. 

The problems of transition .to new -energy 
sources are difScuU. New domestic, energ/ sources 
are potentially avai}able>^indeed^ solar energy and 
'nuclear fission (breeder) sr^d fusion represent essen- , 
tially inexhaustible energy sources— ^but there arc 
significant economic, environmel^tal^ social and tech-' . 
nojogical problems to be<, solved^ before these new « 
energy sourc^'can become adequate supplements for 
oil and gas. Meanwhile, existing domestic alternative^ 
ia such forms as abundant coal resources, and the 
full benefit of nuclear light water reactors cannot 
be^^completely realized without further technological* 
improvements. * 

Figure II presents current potentially, recoverable 
resource estimates for key do&estic fuels. Shaded 
areas i^idicate the additional, resources that may be- 
come recoverable if the -necessary technolo^ and 
utilizatipli/ techniques t:an be developed. In addition, 
HgifteJy^ illustrates the relative paucity of domestic 
oil ail^gas resources compared to the estimated 
cumulative energ^ demand from now until the eqid 
of the century. Coal and nuclear represent the major 
exploitable resources to supplement oit-^d gas over 
the next^^veral decades. Geothermal, oil shiede^'and 
solar energy ip the form of splar heating and cooling 
represent supporting rj^pMr^ ito ease overall supply 
problems in that sai^e UtvijB:^^ Nuclear ^breeders, 
solar electri^^ ad4 technologies diat 

can exploit iipfi^^ the next century. 

These latter '^d^%cKnolbgies differ significantly as 
to the status of thiqir'deyelopmeQit' and demonstra- 
tion, the severity of tlie economic, environfnental, 
social and technological challenges to be overcome 
and thcur potential for meeting/energ^ needs within 
given time frames. With respecrto the latter point, 
the first two of these have the poltetial to contribute * 
to meeting energy needs djuring ♦Se^ater part of this 
century. ^ • ' \ 

Ii^summary, ^veti though the Nation is blessed 
with', abundant energy'^resources, it is currently de- 
I)ltident upion ^ nanow base o^ diminishing resources. . 

Thisit^lan is designed to describe likely options 
foi* the introduction of new technology that will assist 
the changeovef from dependence (ft ftiis narrow base 
of diminishing, domestic resbun^es to reliance on a . 
broader range of less limited alternatives. 

. The transition . to less flimited re^rces poses 
substantid technological and environmental prob- 
l^s. 'Of equatimportance^are the diflScult economic, 
social; and institutional problems that will be i^sor 
. dated with this transition. These problenu must be 
addressed more intensively than ever before and a 
RD&D prograAi, ho>yever su&essful technically, can 
fail because of failure tp solve any. <one of these 
problems. ' ^ 



11 



Executive Summary 



^ ENERGY AVAILABLE AND REQUIREMENTS IN QUAD^IO^^ BTU) SHOWN GRAPHICALLY BY AREA 



. ^U.S. COi^ULATIVE ENERGY 
. I^EQUfREMENTS. 1975-2000 

' 2900 QUADS WITHOUT 
. CONSERVATION 

| 1 2400W1TH 
' L P" CONSERVATION 

1975 REQUIREM^NTSy- 
(71 QUADS) . X 



HYDROTHERMAL1464-I qRE 



MAGMA 320 

ENHANCED """P? 
REOQyERY 



LOW 

YIELDf:siTU?/: 





1775 i 1 800 

GAS PETRO- GEO OIL COAL 

LEUM YHERMAL SHALE 
1.030 1.100 3,434 




5.800 13.300+, 




SOLAR .FUSION / 

' # 

43.000/^^R 3TR1LLI0<^ 



Figure II Menttally Recoverable Domestic Energy Resources 



Technology development is made more^ difficult 
;by uncertainty as to how the future "will evolve with 
rdpect to energy demand, enewgjf Ci^, jB^d many , 
other factors. Tbcre is, today.^unc^iniy jis to the , 
future of enefgy demand; the rel^tT|fe.<^l^ of 
energy technologies:. the interplay W^h^j^'^'i^^ 
mcnt; the choice of preferred energ^^systems; the 
date of introduction or the rate^of implementat^n 
of a^particulzilHiofirgy^cHhology; the international 
aspects of the world-wide energy problem; and other 
factofs affecting solution - to ^the domestic energy 
problem. . ' , ^ . 

Wfiile technological development is a necessity ^ 
for almost every aspect of the energy problem, the 
.desigi^of a prog;ram for technology development must 
remain responsive to such factors as: ^ 
« How much domestic oil and gas is actually found 

and produced V '^^^ 
•* The availal^ility of imports from secure sources, 
plus the backup protection against supply disrup- 
tion that can te gained from stockpiling policy 

• The rate of imp1ementati(}n and level of develop? 
ment of both existing and emerging new technol- 
ogies • 

• The degree of protection afforded human health 
*^nd the physical environment 



« The (Icgree of modification of life stylesM^hich the 
Nation finaHy adopts 

• The end-use energy efficiencies that may be^ally 
attained ' • / 

• The level of cJffort that can be placed in the devel- 
opment of /lew technology , 

•^^The economic and technical v^. success finally 
achieved by new. technologies . 

• ThejmpacI of economic and sociopolitical consid- 
eraitions. • *" • 

Even though thi^ list is not exhaustive, it is 
iHustrative of the difficulties in dealing '^with fhc en- 
er^ problem^ D^isibns on thi^ development must > 
made today in thfi f^ of uncertainty, without fore- 
closing fjaturf^' options. Indeed", the basis for under- 
taking a program of energy ^D&D is to broaden the 
N^tion^s range of available energy options— to citeie 
eneigy choices for the bitiiK. , , 

While RD&DJs clearly needed, aik insufficient * 
amount is being ponducted in the priyate -sector be- 
caifise of uncertainties with respect to future proAt- 
abitity; environmental standards and other regulatory 
policies; the magnitude of technological risks being, 
faced; the lack of present institutional organizations 
.to undertake the effort; or simply because of the 
Iheer size of the effort or investment. *EnergyRI>jU> 
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is one 'element of the tdtal National ''ppKcy >vtjtch 
must seek to reduce these risk^ and uncertaihtji^s ana 
improve 4 the economic and itgulatory^ climate/ for 
private action/ . ' ' , ^ . '\ 

T^e starting point f or/ihis 1*lan fbr [technology ' 
developfheht is- tlie Broader concept, of national en- 
' cigy goals fO^ prmclptes. * . ' ^ 

• Ultimately, decisions: as^d which technologies 
are found to be acceptable 'ha.^' wide-ranging impli- 
cations for the country's^cilrity, and involve the 
future environmental and/economic well-beiiig of all 
citizens.^ The. process of developing alternatives to 
Ahe present energy system needs, to be carried out in 
; a context which cojQiti^^y considers the broader 
issues of public conceq;i^)>'^^> 

^ The programs to achieve Energy Independence 
were guided by the following principles: These prin- 
cipled are still sound. today: . 

• "Provide energy to the American x:onsumer at the 
lowest possiGle cost consistent with the need for 
secure energy supplies. 

^ "Make energy decisions consistent with our overall 
economic gbals. 

• '^Balance* environmental goals with energy require- 
ments/ * 

• "Rely upon private sector and market forces as 
the most efficient means of achieving the Nation's 
goals, but act through the government where the 

;^ private sector is unable to achieve our goals. 
V '^Seek equity among all our citizens in sharing 
costs and benefits of our energy prograni. 

• "Coordinate our energy policy with those other 
consuming nations to promote interdependence^ as 
well as independence/' \ 

In keeping with the above principles, the Presi- 
dent set forth the following goals tor a comprehen- 
sive national energy effort in the 1976 Energy Mes- 
sage- \ \^ 

— First,- to halt our growing dependence on im- 
ported oil during the next few critical years. 
: — Second,: to attain energy independence by 1985 
by achieving invulnerability to disryptions 
caused by oil import embargoes. Specifically, 
. we must reduce oil imports to' between 3 aiid 5 
million barrels^a day, with an accompanying 
ability to offset any future embargo with stored 
petrOleunl reserves and emergen^ standby 
niea^res. 

' — ^Third, to mobilize ouc technology and resources 
to supply , a significant share of the free world's 
- energy need^ beyond 1 985 . 

it is t|ie purpose of the^^ National Plan for En- 
ergy RD&D to translate these* principles and goals 
into specific Federal programs for technology devel- 
opment, recognizing that industry initiatives in imple^ 
.menting Ibis development will be of paramount im- 



portaiice and that the public's support as citizens and 
consumers is essential. 

A basic premise in national energy policy and 
plinning for RD&D is that the private sector has the 
primary role in creating new energy alternatives; the 
Federal Government's role is to assist the private 
sector in the developn^nt and market penetration ot« 
new energy technologies.' 

With few exceptions, the private^ sector is the 
main producer and consumer of energy. The roFe of 
Xhe private sector Isr /therefore paramount in the 
accelerated introduction of energy technology, and 
in the solution of the ^fation^s energy problem. 

In part, this is so becau^ the private sector is 
motivated and prepared^to take the risks involved in 
developing and introducing new energy technologies. 
In addition, the private sector has the inherent flexi- 
bility to act; the preponderant share of new invest- 
ment funds; and the managerial capabilities for carry- 
ing out most of the RD&D and virtually all of 
technology introduction. Moreover, market forces as 
they are perceived by decision-makers ii^ the private 
sector will determine the economically optimal mix 
of alternative energy technologies to disi^ace the un- 
due reliance on petroleum and natural gas. 

Therefore the establishment of the Federal pro- 
gram and activity levels, the objectives are: 
• -To assist and reinforce private sector actions 
rather than to compete with them 

• To ensure relevance of governmental activity by* 
achie^ng extensive private sector involvement at 
the eariiest possible moment in the development 
cycle. . 

An important theme 6f this report is that the 
private sector and market forces are the most effi- 
cient means of achieving the Nation's) energy goals. 

-The role of the public sector, especially that of 
the Federal Government, is therefore supplemen- 
tary — to do what cannot otherwise be done privately. 
The Federal role, in turn, divides into three parts: 
Government can establish an appropriate policy cli- 
mate for private sector action, share risks, and con- 
duct a complementaiy RD&D pro-am. 

In general, a preferred role of government is to 
establish an appropriate climate for private introduc- 
tion of energy technology, such as: > 

• Leadership and assistance: establishing a con-. 
; sistent and stable policy and regulatory network. 

• Management of energy resources located in Fed* 
era! lands: making available these resources for 
use over time, with due regard to environmental, 
aesthetic, conservation, land-use, or other factors 
of national interest. 

• Economic and anti-trqst regulation: making energy 
decisions consistent with national economic goals ; 
providing energy consistent with the need for 
secure energy supplies; and assisting in the devel- 
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opment of standards, criteria, and certificallen 
procedures. 

• Haman health, safety, enyironmeiital Pro- 
tection: ensuring the protection th^ Nation's 

' ^SilVironment and the public*'* i!tti|Rh and safety. 

• International policy: coordinaM^^ur energy pol- . 
icies with those of other consuifltnng and producing 

» natron^ to promote interdependence as well as 
* independence. 

Within the Federal Government, ERDA has ° 
specif^ leadership responsibOity in energy RD&D. 

Energy RD&D is an important component of 
the total Federai role, and ERDA plays a leadership 
role here in three ways. 

First, ERDA develcps^and updates the National 
Plan for Energy ,RD&D. This Plan cannot, and is 
not intended to, represent technology as a total solu- 
tion to the energy problem, nor can it predict cer- 
tain success for any particular program, ensure im- 
mediate results, or preselect a single energy future. 
Rather, the Plan performs three principal functions: 

1. Establishes a likely order of technology intro- 
duction from the near Ko the long term; and 
identifies current major guideposts for measur- 
ing and assessing the rate of technology intro- 
duction. These guideposts are useful in deter- 
mining whether enough new technologies are 
being introduced to solve the Nation's energy 
problem, and in identifying possible compen- 
satory government action. 

. 2. Propose^; ^ national energy RD&D priorities 
linked directly to the order of technology in- 
troduction. these priorities are intended to be 

ff! ' generally helpful in evaluating the national 
energy RD&D effort. In particular, the prior- 
ities bear on the allocation of government 
RD&D resources. 
3. Stimulates debate on th| technology options 
open to the Nation ^n the context of the total 
energy problem. ERDA- believes this context, 
which forces the weighing of all alternatives 
together, facilitates the objective evaluation o^ 
individual technologies. It is a debate that 
should be encouraged. 

Second, ERDA has- the responsibility to monit(?r 
and report on the entire Federal energy RD&D 
effort. In this way, a coordinated program aim^d at 
common objectives is more likely to emerge. Volume 
i II of this Plan summarizes the activities of 23 Fed- 
eral agencies as they relate to the total RD&D pro- 
gram. ^ 

• Finally, ERDA is itself the principal sponsor of 
Federal energy RD&D, including programs Involving 
risk-sharing with the private ^tor. 



Fundamentals of the Plan 

To propose effective solutions to. the Nation's ' 
current energy problem, the National Fhw for Energy 
RD&D addresses technology development from the 
standpoint of both private sector and Federai Gov- 
ernment activities, and also proposes approaches to 
incorporate pertinent nontechnological considera- 
tions which can affect the results of RD&D. 

The National Plan for Energy Research, De- 
velopment and Demonstration is, an integral part 
of an overall approach for addressing the Nation's 
energy needs. It is responsive to the national energy 
policy goals and principles enunciated in the Presi- 
dent's 1975 State of the Union Message, and reiter- 
ated in the 1976 Energy Message. While it? emphasis 
is on technological development, it is consistent with 
and reflects broader policy concerning import levels, 
foreign relations, the needs of indOstry and consu- 
mers, fiscal policy, environmental protection, and 
human health and safety concerns. 

In its initial response to the Nation's energy 
needs, the Energy Research and Dc;velopment Ad- 
ministration (ERDA) formulated the first National 
Plan for Energy RD&D, which proposed national 
priorities for the devcfopment of>new energy tech- 
nologies. That approach, published in June 1975, re- 
mains the basis for this first annual update. 

The dual emphasis of this updated Plan is: 

• The further' refinement of priorities and strategic 
approaches identified in the initial National Plan 
for Energy RD&D ' 

• The integration of the critical nontechnologibal 
aspects of energy development into RD&D con- 
sideration. 

Technological Emphasis 

The overall emphasis of this Plan is to support 
the private sector in the development and implemen- 
tation of energy technologies that can begin to re- 
duce the demand for^il and gas. significantly in the 
balance of this centuiy; and, where' possible, in the 
near term. 

To accomplish this, the Plan: 

• Singles out conservation (energy efficiency) tech- 
nologies for increased attention and ran)cs them 
with several supply technologies as .being of the 
highest priority for national action 

• Identifies six key supply technologies which can 
enter the market penetration phase in the near 
term 

^ Outlines initial program steps to overcome tech* 
nological barriers to the rapid implemen^tion of 
key technologies with near-term potential 

• Adds a short-ran^e planning category to focus at- 
tention on opportunities for technology develop- 
ment that may have effect within five yeari. 
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To balance these initiatives, the Plan also de- 
velops in further detail the longer-range programs 
given priority in ERDA's initial Plan! 

■» 

Noritechnological Emphasis 

The nontechnoldgical emphasis of this Plan is 
to ensure that RD&D has taken account of all those 
factors which can facilitate the rapid integration of 
new energy technologies into the framework of the 
society. • - . _ * 

To accomplish this^ the Plan outlines approaches 

to: 

* .Government support to the private, sector to accel- 
erate market acceptance of key techhologies after 
technological barriers to marked penetration have 
been removed 

* Integration of environmental planning at each stage 
in the process of technology development 

* Interaction of public ^d private sectors at na- 
tional, state, regiongil arid local levels to* ensure 
appropriateness of el»ergy RD&D 

* Development of a management process within 
ERDA to provide overall guidance and coordina- 
tion of both technological ^nd ^ontechnological 
aspects of energy development, y 

These approaches will be summarized and the 
basis for their emphasis will be explained in greater 
detail below. 

The foundation of the National PlaSf is a set 
of recommended national energy technology goals, 
a strategy for achieving these goals, and a proposed 
set of national priorities for energy technology devel- 
opment* 

To provide a basis for setting priorities in tech- 
nology development and developing strategies for im- 
plementation, the Plan identifies eight national energy 
technology goals: 

r Expand the domestic supply and economically 
recoverable energy producing raw materials 
II. Increase the use of essentially inexhaustible 

domestic energy resources \ 
III. Efficiently transform fuel resources into more 
desirable forms ' 
- TV'. Increase the efficiency and reliability of the 
processes used in energy conversion and de- 
livery systems 
V. Transform consumption patterns to improve 

energy use 
VI. Increase end-yse efficiency 
yil. Protect and enhance the general health, safety, 

vvelfare and environment related to energy 
VIII. Perform basic and supporting research' and 
technical services related to energy 

The Plan then develops a strategy for attaining 
these national goals: 



NEAR TERM • Increase the efficiency of 
(Now to 1985 energy sused in all sectors of the 

and beyond) « • economy and extract more 
usable energy from waste ma- 
terials 

• Preserve and expand major do-, 
mestic energy systems: coalf 
light ^ water reactors, and gas 
and oil from new sources and 
by enhanced recovery tech- 

- niques. 

MID TERM • Accelerate the development of 
(1985 to 2000 new process for producing syn- 

and beyond) thetic fuels from Coal^ and ex- 

tracting oil from shale 
. • Increase the use of fuel forms 
such as geothennal energy, 
solar energy for heating and 
cooling, and extraction of more 
usable energy from waste beat. 
LONG TERM • Permit the use of the esscn- 
(Beyond 2000) tially inexhaustible resources: 
nuclear breeders; fusion; and 
solar electric energy from a 
variety of options including 
wind power, thermal and pho- 
tovoltaic approaches, and ocean 
thermal gradients 

• Provide the technologies to use 
the new sources of energy, 
which may be distributed as 
electricity, hydrogen, or other 
fongs^throu^out all sectors of 
th^econSsi^. 

Initial ERDA analyses have led to the prelimi- 
nary conclusions that only the successful development 
and implementation of a niuhber of these technol- 
ogies in a combination of app^aches can provide 
adequate solutions to the present ehergy problem. All 
the national energy technology gdals must therefore 
be pursued together. However tins does not mean 
that every conceivable technology approach can or 
should be pursued with equal vigor or at all. 

Although the proposed strategic approach is 
broad in scope, it recognizes the existence of limited 
resources, and consequently, the importance of set- 
ting priorities. 

All appropriate technologies will be drawn upon 
to some extent, in achieving the national technology 
goals. However, the development of some tech- 
nologies is absolutely essential, while the develop- 
ment of others is more supportive and complemen- 
tary. This distinction is based on six criteria: 
• How substantial an energy contribution would suc- 
cessful development of the technology malfc possi- 
ble? 
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Table I Technologic Now Availablo for Purtuing Major Enorty Tochnology Goals 

Jh% last column, of t|ilt Ublo proMnti data from ERDA-O. It roprosonto tho maximum Impart o# ^ ^^^L ^ZJ'Z^^uZ^lL 
urad In tarmt of additlonal oil wttlch would hava to bo marliatad If tha tachnology wara not Impiamantad. Batla ^^"'•y^? 
axplalnad In Appandix B of ERDA^^O. Thaaa data ara balng i^xamlnad, and changaa will ba mada whan analysis Is «omplatad. In a 
numbar of caaas, ravlsad projactlona of Impacti will ba lowar. 



Tachnology 



f Tarm of 
Impact* 



Diract 
Subatttution^ 
For on ^ 
ftOaa** 



IID4D 
Status 



Impact In 
Yaar2000 
In Quads 



GOAL I: Expand the Donnestic -Supply of 
Econonfiically Recoverable Energy.ProducIng 
Raw Materials 

Oil and Gas — Enhanced Recovery 

Oil Shble 

Geotharnn^l 

GOAL II: Increase the Use of Essentially 
J[nexhaustiNe Donnestic Energy Resources 

Solar Electric 

Btiiditr Reactors 

- mm^- 7 — 

GOAL III: Efficiently Transfornn Fuel Resources 
Into More Desirable Fornns 

Coal — Direct Utilization Utility/ Industry 

Waste Materials to Energy 

Gaseous & Liquid Fuels fronn Coal 

Fuels from Blonnass 

GOAL IV: Increase the Efficiency and Reliability 
of the Processes Used in the Energy 
Conversion and Delivery Systenns 

Nuclear Converter Reactors 

Electric Conversion Efficiency 

Energy Storage 

Electric Power Transnnission and Distribution 

GOAL V: Transform Consumption Patterns to 
Improve Energy Utilization 

Solar Heat & Cooling 

.Waste Heat Utilization 

Electric Transport » 

Hydrogen in Energy Systems 

GOAL VI: Increase End-Use Efficiency 
Transportation Efficiency 
Industrial Energy Efficiency 



Near 

Mid 

Mid 



Long 
Long 

"Long" 



Near 
Near < 
Mid 
Long 



Near 
Mid 
Mid 
,Long 



Mid 
Mid 
Long 
Long 

Near 
Near 



Conservation In Buildings and Consumer Products Near 



Yes 
Yes 

No 



No 
No 
Ma 



Yes 
Yes 
Yes 
Yes' 



No 
No 
No 
No 



Yes 
Yes 
Yes 
Yes 



Yes 
Yet 
Yes 



Pilot 
Study/Pilot 
Lab/Pllot 



L^b 
Pilot/Demo 
Lab^ 



Pilot/Demo 

Comm 
Pilot/Demo 
Lab 



Demo/Comm 
Lab 
Lab 
Ltfb 



Pilot/Demo 
Study/Demo 
Study/Lab 
Study 

Study/Lab 
Study /Comm 
Study/Comm 



13.6 
7.3' 
3.1-5.6 



2.1-4.2 
3.1 ' 



24.5 
4.9 

14.0 
1.4 



28.0 
2.6 

1.4 



5.9 
4.9 
1.3 



9.0 
8.0 
7.1 



• Naar— now through 1985 
Mid — 1985 through 2000 
Long^Poftt 2000 
•* Assumas no changa In and*uta davlca. 



• In which time frame docs the technology produce 
its initial energy impact? 

• Docs the energy output of the techhology sub- 
stitute directly for oil and* gas supplies? 

• What is the economic status and potcnttal-of the 
, technology? * 

• What are the environmental and human health 
implications of the application of the technologies? 

• What is the stage of development of the technology 
in the spectrum from the laboratory to the market- 
place? 

Table I summarizes the key characteristics of 
each technology with respect to some of these factors. 



These considerations and the strategic considerations 
discussed provide a basis for the priority ranking of 
the technology categories, listed in Table II. 

Priority Ranking of Contervation 
Now Significantly Increased 

Conservation (energy efficiency) technologies are 
singled out for increased attention and arc now 
racked with several supply techhologies as being of 
the highest priority for national action. Thij; ranking 
represents a major change from the initial Plan and 
reflects observations i of only moderate progress to 
date on supply technologies, evaluation of public 
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Table II Proposed National Ranklifls of RP&O Technology Categories* 



HIGHEST PRIORITY DEMAND 

NEAR-TERM CONSERVATION (EFFICIENCY) 
TECHNOLOGIES \ .\ 




CONSERVATION IN BUILDINGS & 
CONSUMER PRODUCTS 
INDUSTRIAL EN^GY EFFICIENCY; 
TRANSPORTATION EFFICIENCY 
i^TE MATERIALS TO ENERGY ^ 



HIGHEST PRlt^RJTY SUPPLY ^ 

NEAR-T^RM MAJOR ENERGY Systems 



NE>V SOURCES OF LIQUID&AND GA$E$ 
>&Fq^ THE MID f tRM ^ * 

,V ^>iw^XHAUSTIBLE'^^^ 
'^Jtew-TEWW" 



OTHEIf mPPRTANT TECHNOLOGIES 




f Cp>^DIREC+ UTILIZATION IN ^ 

, utwy/industry 
- vndclEar-con^erter reactors " 

; 5r^oiL AND GAS ENHANCED RECOVERY y 

• GASEC^S AND LIQUID FUELS FROM 
eOALft 

• OIL^^ALC . ;^ 

BREEDER REACTORS 
' FUSION 



KM'- 



• SOLAR^ELECTRIC 



^AINOEF^^JSED (LIMITED APPLICATI^^^ V f GEOTHERMAL 
, MI&TERM TECHNO)-OG*ES ^ ^ ■ i \« SOLAR HEATIN 



HEATING AND COOLING 
> WASTE UTILIZATION 

^ ' V JfEraWfollDGJ^ SUI^(5RTJNq INTCNSIVEV ' * ' 4 ELECTRIC CONVERSION EFFICIENCY 
Ei£C¥«frlCATION , . V , : V . . ^S/LeCTRIC POWER TRANSMISSION . 



,^ ?PAND DISTRIBUTION 

• ELECTRIC TRANSPORT 

• ENERGY STORAGE 



TECHNOLOGIES BEING fife^L^RfeD FOR' 
- THE LONG TERM :^ v 

* Individual technologies fir* not ranked vyithirt tf^#U|A:bnoldgy categories. 



• FUELS FROM BIOMASS 

• HYDROGEN IN ENERGY SYSTEMS 



— ^ ■. 

• Energy efficiency actions can reduce, the pressure 
for accelerated introduction of niew supply tech- 
nologies. Since the actions persist over tfme, the 
benefits are continuing. 

These reasons deal generally with^cdnseryatibn 
technologies. The rate of application and introductiont 
of conservation technologies in specific instances will 
be dete^rmined by the comparative economics and 
social acceptability of the available alternatives. 

Because conservation technologies mtt chanc- 
terized by their iai^e munbcr, their diversity, and 
the relatively small energy coatribiition of any one — 
in .contrast to major sopply technologies a broa^f* 
general strategy approach is tequbed to stfanulatib 
the market Introdnction and implementation of these 
more diverse tecbfiologies. Sqiportive of this ap-^ 
proacb, the new short-range phinntng categoiy Initi- 
ated in tMs Han Is paitiadarly appropriate. 

In addition to the near- (198S), mid* (1985- 
2000), and long-term (post-ioOO) planning horizons 
established by ERDA^s enabling- legislation, a new 
planning horizon — 0 to 5 years — ^will be incliTded in 
the National Plan^ for Energy RD&D. The 5-year 
forward focus is intende^L) roll forward each year, 



comment on the initial Plan, and further analysis of 
conservation opportunities. Specific reasons for as- 
signing this higher priority to energy, efficiency tech* 
nologies are identified below. 

Many of the technologies to improve energy 
efficiency currently appear to share one or more of 
the following characteristics: 

• A barrel of oil saved can result in reduced imports. 
It typically costs less to save a barrel of oil than 
to produce one through the development of new 
technology. *^ ^ 

• Energy conservation generally has a beneficial 
. effect on the environment in comparison to energy 

produced and used. 

Capkal requirements to increase energy use effi- 
cient are generally lower taan capital needs to 
produce an equivalent ampuilt of energy from new 
sources since most new supply technologies are 
highly capijtal intensive. 

Conservation technologies can genen^lly be imple- 
mentedr'at a faster rate and with less government 
mvolvement in the near term than can new supply 
technologies. 
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and will be institutionalized and monitored for suc- 
cesses and, failures. 

While opportunities to be considered within this 
focus kre sought throughout the entire ERDA pro- 
gram, and nuclear, fossil, and solar and other tech- 
nical areas arc< being included, it is likely that the 
prcdpwaant opportunities Will be identified within 
the d^tervatipn ,f)rogram. Opportunities for fuel 
s^b^titwSteiii are also being sought because of their 
iciijfi impact on oil imports and relief of gas 
[es/r|f. 

1tJLile^b^^^lpJpgies such as geothermal and solar 
ii'^n^fflfelfng are assigned only a moderate 
: fn^^he ranking, because of projected limila- 
tiSfiS^'^^lr application, both technologies can have 
an impact on the Nation's energy demand in the mid 
-tenn-if-the)^ institutional infrastructures^ to support . 
their market penetration can be established. These 
technologies^: are important because they are suffi- 
ciently wclSj^wloped to be employed on a regional 
'"basis wherf^^sources can be exploited econom-^ 
ically. Th^l^^ermal resources •feind technologies' 
included ifi MF^ategory are limited to hydrothermal 
and geopresluhzed applications, and the solar heat- 
ing and cooling technologies may be limited to areas 
that enjoy high levels of insolation and experience * 
relatively hi^ costs for alternative fuQls. 



The Plan and The Federal Energy RD&D 
Progtam 

Federal budget ^oci^lions are designed to en- 
courage and support privaite Sector initiatives in en- 
ergy RD&D; national energy technology priorities 
do not, therefore, translate directly to the ERDA 
energy budget for any onc^ year for several reasons;' 

• Differences exist in the scope of effort and the 
extent of funding required at different phases in' 
the maturing of energy technologies. In general, 

. earlier research efforts require a lower level of 
* funding than, say, demonMration phases. 

• Many of the technologies will Jbc developed in the 
private sector and the distribution of necessary 
effort between the private Sector and the Federal 

i" Government will vary tremendously. 

*i The nAture of government involvement may differ 
for different jtechnologies. RD&D is only one 
mechanism for government involvement. 

• Other government agencies also have respons^bif*^ 
ities in energy RD&D. Th^se are reflected in the 
total Federal, budget and in ERDA's planning 
process, but do not appear ig the ERDA budget. 

Tlie 1977 Federal budget and the AdminMi^'- 
tion's leiebbitive proginani provide strong support for 
energy RD&H. thcf total allpckHon f or^nergy RDAD 
has been increaied by more than 3* percent The 
Federal budget for 1977 demonstrates the Adminis- 



tration's commitment to ^e importance of energy 
research, developmeht, and aemonstration as stressed 
in the Plan which Was a key hmut to the President's 
budget process. In this year's^dget, the amoun;t 
earmarked for.cnefgy rcscarch,\kvelopment, aild 
demonstration represents a 30 pero^t increase irf 
budget outlays over the previous yc^\ Significant 
budget increases tliis year occur in m^ny energy 
RD&D areas. | 

Among the specific budget decisions, tnbJPrcsi 
dent has placed eniphasis on closing the fuel\ycle 
in the nuclear lightj, water reactor progr^ by 
viding a substantial increase for manageofi.ent 
nuclear waste and chemical reprocessing. The in- 
creased funding in nuclear waste management repre- 
sents a recognition on the part of the Administration 
that safe jand^enYironmentally sound nuclear waste 
disposal, which is a responsibility of the Federal 
Government, should be demonstrated on anexpedijed 
basis. To encourage and enable private sector to 
build, own, and operate additional U.S- enrichment 
capacity, the Nuclear Fuel Assurance Act w?is pro- 
posed to Congress in June 1975. The Act will pro- 
vide ERDA necessary authority to negotiate coopera- 
tive agreements with private firms which, after 
Congressional approval, y^^^i^ provide temporary 
fiiiancial assurances to th^/C^I^ 

Conservation, recor^^r^ in the Plan for ac- 
celerated development, has'SISo received an increase 
in FY 1977 over FY 1976 of 64 percent, or essen- 
tially a rate of increase two times the overall pro- 
granj average. *• 

The budget also provides funds to initiate a 
synthetic fuel program, in 1976 as an essential part 
of a national RD&D elfort. Its purpose would be to 
provide assistance to the private sector to encourage 
the development of both conventional energy tech- 
nology (e.^., fossil fuel and nuclear ^power plants) 
and emerging technologies (e.g., synthetic fuel from 
coal, oil shale, and other domestic resources). 

Even with the energy conservation measures 
outlined in this Plan, the demand for oil and gas is' 
expected to outstrip the combined domestic supply 
and the current level of imports. Moreover; the gap 
between demand and domestic production is widen- 
ing.* Over the next 25 years, synthetic fuels offer a 
domestic energy alternative to imported oil and nat- 
ural gas. 

1^ A program of legislative, bu^geury, and admin- 
istrative actions to undertake a Federally supported 
Synthetic fuels initiative was considered by Congress 
in the fall of 1975 and, although the program was 
not authoriied during that session, the 1977 Budget 
provid& funds to implement during 1976, a $2 bil- 
lion loan guarantee program in ERDA. With the 

•This relaUonship itfgraphicitey portrayed in Figure 111-3. 
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■ * 

enactment of EIA, this program would be trans- 
feffed to EIA and expanded ft-on^ $2 to $6 billion 
in loan guarantees, to meet the current 1985 objec-* 
:»tives of 35OJ0OO barrels of fid per day of synthetic 
fuel piroduction capacity. 

In'^ Tables III, IV and V, growth of Federal' 
energy B^D&f) programs is depicted. TablQ III lists 



budget outls^of .all Federal agencies performing 
RD&D and Tables IV 4nd V show ERDA budget 
amounts. Figure III illustrates percentage increases in 
ERDA'S major program areas. 

^ Volume II of this Plan (published separately) 
describes in detail the Federal programs for develop- 
ment of the technologies. 





Table 111 Federal Energy R&D (In mjllions) 










FT 76 










BA 


'BO 




BO 


BA 


BO « 


Direct Energy R&Q^ 














ERDA 

DOI 

EPA 

NRC / 
NASA 


, $1,317.0 
89^9 
80.8 
58.9 

b.8 


$1,011.0. " ' 
54.2 
18:2 
51.7 
0.8 


$1,657.0 ' • 
104.0. 
56.8 
87.5 
1.7; 


$1,427.0 
93.3 
76.6 
7^*9 
1.0 


$2,4^5.0 
98.3 
55.4 
104.0 


$2,009.0 

96:3 
76.6 
98.2 
0.8 


Subtotal , ^ . i 


1.547.4 


1.135.9 


l.9!07.0 , 


1,674.8 


2.69Z7 


2,280.9 


Supportlpg^^R&D ' 












• ^ . 


ERDA 
DOI ^ 
EPA * 
NRC 
NSF 


362.0 
- 33.2 
53.2 
2.3 ■ 
103.2 


313.0 
30.9 

^ 6.0 
2:1 
65.9 


#403.0 
59.0 
43.2 
9:6 
114.6 


373.0 ' 
56.7 
43.4 , 

9.1 
74.2 


43ao 

^ 66.8 
41.6 
5.3 
123;4 


404.0 
65.2 
43.4 

106.9 


Subtotal 


553,9 


416.9 


629.4 


556.4 




624.5 


Total Federal 














' Energy R&D 


$2,101.3 


$1,551.9 


$2,536,4 ■ 


$2,231.2 


_ $3,359,8 


$2,905.4 



* Funds for FY 76 Transition Quarter are not included. 



taWe IV ERDA Energy R&D Budget 
(Outlays In millions) 
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nr7T 
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Direct Energy R&D 










Nuclear Fuel Cycle 










and Safeguards 


$ 120 


$ 163 ; 


$ 282 


73 


^ Conservation 


21 


55 


• 91 


64 


^Eleothermal 


21 


32 


50 


57 


Fusion 


15r 




304 


36 


Fission 


538 


|, 


709 


36 


Solar 


15 




US 


35 


Fossil . 


138 


333 


442 


33 


Environmental 










Control Tech. 


7 


12\ 


\ 15 


24 


<^^Subtotal.. ' 


1,011 


1.427 


2,009 




Supporting Research 










Basic Energy 










Sciences 


165 


^ 188 


205 


■ 9 


* EnviriMimental 











Rjjgearbh 

"iubi&ll 

Total ERDA 
Energy RD&D 



148 



185 



;313: 37^ 



19? 



$1,324 $1,800 



404. 



$2,413 



f Funds for FY 76 Transition Quartar ara not Ineludad. 
* Percantasa ehar^ia ealeulatad prior to rounding outlays. 



Table V ERDA Energy R&D Budget 

(Authority In millions) 



4^ 

FY 76 to' 
FY 77 



FY75 . fY76t 



77 chains* 



Energy RD&D Pi^rams 

Nuclear Fuel Cycle 

and Safeguards $ 
Conservation 
Geothermal 
Fusion 
Fission 
Solar 
Fossil 

Environmental 
Control Tech. 

Subtotal 



118 
. 36 
28 
183 
567 
42 



8* 



173 
75 
31 
250 
602 
115 
398 

13 



$ 347 101 
120 60 
100* • 223 
392 57 
823 
160 
477 



37; 
39. 
20 
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Supporting ReSBBi 

Bailc Energy 

Sciences 
Environmental ^ 

Research 

Subtotal 

Total ERDA 
£nergy RD&D 



1.317 


1.657 


^,435 


191 


210 


- 227 


171 


193 


' 203 


362 


, 403 


430 


$1,679 


$2,060 


$2,865 



23 



8 
5 



t Funds for FY 76 Trartsitlbnal Quartar ara not Ineludad. 
* Parcantaga ehanga ealeuiatad prior to rounding authority. 
Ineludas $50 Million for Oaotharmal Loan Quarantao Program. 

, ., ? '. — : — ' ' > 
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Figure III Energy Research and Development Administration FY 1977 Budget 



^ This Plan focnses od a set of technologies 
(involvfaig both supply and demand) and a related set 
of operatioiial approaches. If successfully pursued, 
these appnjaches could result in significant market 
penetration' 4>f techpoiogies that could ease the over- 
all energy problem within the next critical decade. 

The Plan therefore identifies seven high-priority 
technologies that have the potential for making sig- 
nificant energy contributions in the near term and 
mid term. They are: 

• Conservation (energy efficiencyX. * ' 

• Light water reactots 

• Enhanced oil and gas recovery 

• Direct utilization of coal 
• • Synthetic fuels 

• Geothermal energy 

• Solar heating and cooling 

The Plan develops a preliminary strategic" ap- 
proach for each, analyzing its marketability and a 
strategic approach to support its commercialization 
by the private sector. ""^""V.^ 

The Plan also identifies strategies for the devel- 
opment of three high-priority programs with longcr- 
terin potential: 



• Breeder reactors • 

• Solar electric 

• Fusion 

To be effective in supportbig thie private sector 
in the development and commercialization of energy 
technologies, the Federal Government must take tiie 
liMd in helphig to create mechanisnis for interaction 
between ERDA and other public and private iMctor 
groups. Introduction of new energy technologies will 
-directly or indirectly touch all Americans and all pri- 
vate institutions, and will require the concrete action 
of all — Congress, Federal Government agencies, state 
and local governments and regional groups, and the 
priva^), sector 

An important operational element of the Plan, 
therefore, is to ensure the participation* of each of 
these groups and to promote interaction among them, 
so that RD&D program planning can be responsive 
tor the international, nieitional, regional, and local ob- 
jectives. To this end, the Plan outlines initiatives de- 
signed to: „ 

• Promotiei arid support cooperative international ef- 
forts to develop solutions to conimoii energy 
problems 
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• 'Improve-interaction among Federal agencies in- 
volved in energy RD&D 

• Stren^en interfaces between ERDA and Indus- 
, try, state and local governments, wiiversities, and 

the public 

• Capitalize on ERDA's existing regional structure 
to coordinate reseatch, developinent and demon- 
stration of energy technology with local economic, 
environmental^ and social concerns. 

ERDA is developing an internal management 
qrstcm for analysis, rcsoorce allocatioh, implementii- 
tion; and evaluation of its programs to ensure die 
most effort to compiemeiit tiie private sector in meet- 
iqg nadonal enekgy goals. The implementation of this 
system wiO take time, wiU be .difficult, gpd wOl re- 
^iquire the assistance of the private sector. It is vital 
that ERDA develop a well-coordinated and inte- 
grated system for program planning, budgeting, and 
review (PPBR system). Such a system is needed to 
provide a framework for: ' 
f Analyzing the'Nation's energy needs 

• Formulating Federal plans for addressing those 
. needs. 

• Designing programs to carry out specific c4>jectives. 
Allocatii^ resources consistent with the Plan and 
programs 'i 

• Ensuring that the progranis are efitectively de- 
signed and managed. 

For exampfe, it is necessary in developing an 
energy plan to be able to determine which tech- 
nologies are likely to be developed by the private 
sector with* minimal government involvement and 
which will require more si^^ific government assist* 
■^ t i a n ce. To make these projections, planners must be 
familiar with industry criteria for market penetration 
aild must be able to ajdticipate probable private sec- 
tor behavior in terms of investor and consumer 
acceptance of new technology. If a technology is 
judged to be a poor commercial risk in the private ' 
sector, a judgment must be made as to vvhether the 
potential public benefits are sufficient tb^ justify a 
government rpfe. Inputs id deteiminethis must come 
from interaction with industry and with, the public 
(e.g., consumers, local and regional entities, environ- 
mental groups). This logic is presented in Figure FV. 

Throu^ the use of PPBR, the current process 
of establishing priorities among technologies ih the 
_ Plan can be vastly improved. The PPBR system is 
being designed to develop an energy system option 
which can evaluate public and private r|ites of return 
and develop measures of relative value amOng tech- 
nology programs. * * ^ 

It is anticipatctd that for each technology pro- 
ptun, the system -will develop five basic doci^ents: 

1. Piopam Stmteiy: This document will explore 
the 9eedr if any, for a Federal role and the 



effectiveness of RD&D an'd other potential 
programmatic solutions as illustrated by Figure^ 
II. It will present a program strategy and estiab- 
lish the major goals and milestones for the 
{mgram. *^ 
^: Prpgrara PJam The program plan will chart the 
, \ detailed course of the program, typically over 
a several-year period leading to a major pro- 
grammatic decision (e.g., should a demonstra- 
tion phase be undertaken7)."I1ie bksis fo^4be * 
'program plan is the program strategy, byt the 
plan would be more 'specific in assigning prtH 
gram responsibility and developing manage- 
' ment structure and will seek to define the most 
cost-effective Federal program to achieve the 
agreed objectives^ 
3. Environmental Development Flam The plan 
for environmental development wiU be a com- 
panion document to the progniim plan, detailing 
the program of environmental ^tseadih that 
must parallel techncriogy development Environ- 
mental issues involved in developing the tech- 
nology are identified and a program outlined 
for resolving these issues in a time period con- 
sistent with the rate of technology RDftP. 
^ 4. Program Approval DocoBeat: This is an in- 
ternal ERDA document that will present in 
some detail the activitii^ to be conducted and 
milestones to be achieved within approved 
budgets for a given fiscal year. Its^purpose is 
to provide a baseline for monitoring program 
operations. 

S. Environmental Impact Slatanent (EIS): 

Within the structure of the National Environ* 
mental Policy Act, ERDA intends to use the 
EIS as a major input to decision processes. 
Where required, an EIS will be prepared to 
illuminate a major "go/no go** program de- 
cision. It summarizes the information devel- 
oped by the Environmental Development Plan 
and use^ to address the issues raised. In this 
way, ERDA hopes that these issues can be 
idfentififlKi at the start of an appropriate pro- 
gram^^me, so that they can be systematically 
addressba. 

Developing the Plan 

Becanse the natm ol the eMi|y pnMem b 
dynnnlc» the ananal ravisloM of this Pita can. ha 
expected to evolve hi wsponia to chm^ tmi to new 
Infohnatioh. 

The National Plan for Energy RDftD is re- 
quired t^ be updated annually to remain respon- 
sive to ^ntinuous changes in the external environ- 
menty hpifi with regard to energy and non-eneigy 
events policies. Technical and nontechnical 
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Figure IV Strategic Planning Logic 



factors which constitute these change and influence 
the evolution of thiis Man can be characterized as: 

• Assessments of international and domestic events 
and their effect on the Plan 

• Assessments of , the National Plan for Energy 
RD&P based on the viewpoints and insights c^*^ 

•" : othitfrs ~ 
•y-Asscssments of the results of energy systems anal- 
^ ysis studies and their effect on the Plan 

• Assessment of. RD&P activities in the private 
sector. 

An integral part of this Plan is a deti[lled pro- 
gram for improving the infonqational base for these 



assessments, facilitating ERDA's access to this infdr- 
matioj, and developing the tools to better analyze 
the itnplicatibns of new ener^ techm^logies in terms 
of economic growth, envirbnmental impact, and pub- 
lic policy. ■ s ' ' ■ ^ ' 

DedttoM M ldiib adeqQac;^ of neigy RDftD 
progranM aic bctav coatimnlly refl^^ ^ 
j of %|«6irfd wuriyM iud cvahMtiM mrch a riwit 

' Sucoenf ul implemenUtion of ndw eheiiy tteii- 
j tu>logiet wiU poroduoe changes in the imdftrlji^ 
t M^lCj^inititUtional systems of this country/To 
pioi^^lalnfonnation to the public as a basis for wise 
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cncfgy Qhbices, analyses of energy systems attempt 
to identify these change^ apd assess their, pptential 
impacts. 

. This update draws from preliminary conclusions 
* from three selected areas of ainalysis dimed at: 
\ Understanding - the relatignships among> energy, 
economic grqwth, and environmeiital impact as a 
result of the introduction of new energy technol- 
ogies and other energy policy initiatives ^,!» 
, • Calculating the net energy aspects of energy tech- 
nologies 

• Supporting market penetration initiatives through 
specific market studies (e.g., the Electric Utility 
Study menSoned in Chapter VI), 

Most of, these studies are not yet complete. It 
appears, however, that they will be useful in select- 
ing promising enirgy technologies, and in clarifying 
the degree of Federal participation — If any — required 
to develop and introduce new technologies. Analyses 
K to date do not yet suggest the need for a sharp 
revision in the basic goals and stratl^gies in this Plan. 

Although U is too |arly to state with ceftafnty 
what will bie included in fdture reports, the n^aA|^4»f 
three efforts essential to ERDA's own pabMOng^^ 



probably i>e included and he|p to shape the next 
annual Plan. 

These activities are: • 

• Developing benefits and costs of energy RD&D 

• Establishing priorities for component programs *^ 

• Analyzing energy RD&D activities in the private^ 
sector. 5 - . ' 

During 1976, it is CRDA's goal to apply the 
tools of energy systems analysis to the quantification 
of costs and benefits of selected eiiergy technologies 
. and'to report on this work in the next plan. 

Using Its developing PPBR system, ERDA ex- 
pects in the coming year to be able to extend the 
process^f priority-setting to a much ^^ter level of 
detail than is presently possible. The PPBR can make 
program prigrities and the bases for resource alloca- 
tions' more exjplicit which, in turn, will help to 
delineate the implications of various alternatives.. 

Finally, as an essential, means to reinforce and 
support private sector activities, it is ERDA's goal to 
<^^initiate an analysis of ongoiri^ahd anticipated RD&D 
y tfforts in the private sector and to provide an interim 
p' reg^)rt in the 1977 Plan, v " 
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Chapter t-nThe TJational Energy Problem and 
the Naturef of Its Solution % 



The United 'Stat^ is a nation rich in domestic 
energy refources,^ yet depends on the importation of 
large qiuintiti^ of fossO fuels. This is the essential 
paradox of the Nation's eneigy problem« 

Today, over 75 percfent of the Nation's energy 
demand is filled by petroleurti and natural gas. These 
energy resources are in dwindling suppFy domesti- 
cally -and, .ultimately, worldwide. Indeed,, domestic 
production of these fuels has declined since the em- 
bargo of October 1973. On the other hand, coal, the 
most^abundant domestic fossil fuel, supplies less than 
20 percent of current energy needs, uranium provides 
only about 2 percent of the Nation's energy, and 
alternative sources such as solar or gebthermal energy 
provide Jittle or no energy. Qearly, the Nation relies 
most oi\ the least plentiful domestic energy resources 
and least onlhe most abundant resources. 

The present level of petroleum and natural gas 
use reflects their relative cost and abundance in the 
past. As a result, this. Nation has not sought, until 
recently, as a matter of national policy either to exr 
plicitly limit the rate of energy growth or to develop 
an adequate range' of readily available alternative en- 
ergy supply systems for the future. Instead, the Na- 
tion has built up over the last half century a large 
infra^ructure based on the production and use of 
petroleum and natural gas. The cost of this infra- 
structure exccedjcd $150 billion, aAl the Nation can- 
not afford to Itosc the value of this investrtient. 

As a result of reliance on petroleum and natural 
gas and of the continuing decline of domestic produc- 
tion, the profwrtion of energy needs met by imports 
has remained at approximately 20 percent since the 
oil embargo, even despite the decreases in U.S. energy 
demand associated with the recent recession. The 
annual cost of this imported energy^ has risen from 
, about $3 billion sin 1970 to about $27 billion today. 
The difference in cost; is mostly attributable to in- 
creases in price rather thait absolute levels of im-. 
ports, lilost critigally, foreign sources of these 
energy supplies have become less certain. Canada 



has restricted its exports to the U.S.; the Organiza- 
tion of Petroleum Exporting Countries (OPEC) 
cartel has exhibited cohes ion and .purpose in con- 
trolling prices and production in the face of weak- • 
ened world demand; and the Middle East remains 
politically unstable. 

But even if none of these things had happened, the 
long-term problem of a diminishing petrcdeum and 
natural gas resource base, both domestic and wodd|^ 
wide, remains. As standards of living incre»!? 
throughout the world, the demand for petroleiitn ai^; 
natural gas will increase for many countries. But^ 
resource base will continue to decrease. The ev^uH 
of the last few yeais have served, importantly, to 
dramatize the resource problem. They create serious 
present difficulties, but they ard only short-term 
manifestations of the longer term problem. 

Solving the energy problem requlm. broadenhig 
the base of domestic energy resources and adaptfai« 
to the q|ew resource base more quidJy than ever be- 
fore, 

* A variety of domestic energy resources should 
be developed because it would reduce our excessive 
reliance on one form of energy — a relianceithajt has 
at times severely con^rained national policy— and 
because social choice is likely to«*be best served by a 
range of energy choices. It is not .possible to predict 
what the Nation^s interests and its. people's desired 
life style will be at the end of this century. But whit- 
ever those interests and desires are, a sufficient sup- 
ply of affordable energy should be available to serve 
them.. The social decisions on which technolopes will 
be ehosen for implementation and on the degree to 
which they will be employed can best be made if 
alternative energy forms are avaOatale. 

The urgency of solution should also be stressed. 
Historical perspectives (Figure I-l) show that in the 
past it has taken about 60 years to move from reli- 
« ance on one major energy resource to reliance on 
another. Domestic production of petroleum and nat- 
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ural gas Jiow appears to have reached or passed*its 
peak;. The relative domestic market shares of these 
two'^energy supplies aSfe expected to' decrease with 
time. A transition to new energy resource bases must 
be accomplished, but this transition from dependence 
on a narrow base of diminishing resources to reliance 
on a broader range of less limited or unlimited alter- 
natives must be made more swiftly than' ever before. 
The Nation does ^ot have 60 years this time if 
growth in the energy sector is to be supported with- 
out imdue reliance on foreign ^ergy sources. 

An aggressive national program of techiiologicai 
devclopnent can expedite this proc^ because broad- 
ening the domestic energy resource ilase requires 
rapid expanded utilization of exi)5ting and new tech- 
nology. Technology for using some resources oUier 
than oil and gas, , such as coal and nuclear, is alr^dy 
available. Nevertheless, these technologies often rQ- 
(j|uire economic, environmental, and technical im- 
provements. Furthermore, lon^er^ term solutions to 
the energy problem, which involve the ability to ex- 
ploit very large or neatly inexhaustible domestic re- 
sources, require specific technological advances that 
ai^e still decades from large-scale utilization. 

But improving existing technologies and de- 
veloping attractive new ones require substantial in- 
vestments — investments that must be made in a cli- 
mate of uncertainty. Today there are uncertainties 
about future energy demand; the relative economics 
of energy technologies; the interplay with the environ- 
ment; the' final choice of energy systems; Uie date of 
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introduction or the rate, of impleip^ntation of a par- 
ticular energy techdbl^; developments that might 
impact on the worldwide energy probleifi; and other 
factors that affect the solution to the domestic energy , 
problem. 

Despite these uncertainties, decisions ^nust be 
made today, witjiqi^t foreclosing future pptions, even . 
though important information may be unavailable or 
analyses may be incOmplete. Functioning effectively 
in this environment necessitates continuous feedback 
and readjustments, which are necessary elements of 
planning under conditions of Uncertainty. - \ 

The Role of the Private and ^ 
Public Sectors i 

With few exceptions, the private sector is the 
main produc^ and ^consumer of energy. The role of 
the private^sector 'is therefore paramount in the 
accelerated^introduction of energy technology, and 
thus to the solution of the Nation's energy problem. 

Specifically, the private sector is prepared to 
take risks, has the inherent flexibility to act, controls 
die preponderant share of new investment funds, and 
possesses the necessary managerial capabilities for 
carrying out most of the RD&D and virtually all 6f 

, technology introduction. Moreover, market forces as 
they are ^rceived by decision-makers in the private 
sector will determine, the economically optimum mix 

. of alternative energy technologies to displace the un- 
due, reliance on petroleum and natural gas. Thus, an 
Important theme of this report Is that the private 
sector and market forces are the most effident means 

^ of achieving, the Nation's eneigy goals. 

The role of the puUic sector, especially that (tf 
the Federal Government, is therefore supplementary 

— to do what cannot otherwise be done privately. 
The Federal role, in4um, divides into th^ parts. 
Government can establish an appropriate policy cli- 
mate for private ^ctor action, share risks with the 
private sector, and conduct a complementary RD&D 
program. Of course, all three may be required to 
introduce any single technology. 

Es|tabli$hing an Appropriate Climate 

The preferred role of government is to establish 
att appropriate policy climate for, technology intro- 
duction. In a few situations — notably uranium en- 
. richment — the government is the sole commercial 
agent because of earlier activities growing out of its 
national security responsibilities.^Current govemmtet 
initiatives in uranium enrichment would decrease the 
govlmment's- control and contribute to conunetcial- 
ization efforts by the private sector. In other sitoa- 
tions, the govemmeQt's regulatory role greatly affects 
the introduction of technologies. For exampk, 
changed government price regulations on oil and gas 
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could fHake conservation technologies anU more ex- 
pensive enhanced-recbvery tetfihiCjues for oil and 
gas more attractive. Simila/lyf^^h^ging. regulation 
of nuclear plants and othejr major ins^^^tions coulH 
speed construcj^on and ^wer the cc^^^^^the tech- 
nologies/ Such activi^dB need to c^^pntihually 
iaissessedto ensure that aJ)roper balance is maintained 
among various governmental objectives. 

Other examples of government toles that can 
stimulate or inhibit private action are energy pricing 
^ policy and strategic storage ^Federal Energy Admin- 

. istration); energy Regulation (Federal l^ower Com- 
mission); investmefit tax credit (Department of the 
Treasury); enviroimi^ental regulation (Environmental 
Protection Agency); Federally owned resource man- 

■ agemeht (Department of the Interior); and siting 
standards (state and local governments). 

In general, then, the preferred role for govern- 

^ ment is to establish an appropriate climate: for private 
introduction of energy technology by: 

/ • Pr6yidiiig leadenhip and a^istance: Establishing 

^ a consistent energy policy and regulatory network 

• Managing energy resources located in Federal 
lands: Making these resources available foi use 
over time with due regard to environmental^ 

. aesthetic, conservation, labd use, or. other factors 
of national interest - i 

• Establishing and enforcing economic and antitrust 
regulation: Making energy decisions consistent 
with national economic goals; providing energy to 
the American consumer at the lowest possible cost 
consistent with the need for secure energy sup- . 
plies; assisting the development of standards, cri- 
teria, and certification procedures 

• Protecting hunian - health and the enyiromnent: 
E|isuring the protection of the Nation's environ- 
ment and the public's health and safety 

• Coordinating Federal policy with international pol- 
icy: Coordinating the Nation's energy policies with^ 
those of other consuming and producing nations 
to promote interdependence as well as inde- 
pendence. 

Sharing Risks 

^ Even with a regulatory and policy climate more 
(jonducive to private investment, private action may 
* /ail to follow because risks remain excessive. Both 
; te^hqcdogical uncertainty and the difficulty of jpro- 
jectibg future economic conditions contribute to ex- 
cessive risk, even when technical feasibility is known. 

In these cases, government can stimulate 
private-sector action by sharing risksi — that is» by 
absorbing the g^eater-than-commercially-acceptable 
risk of investing in eifergy technology.* 

This relatively new government role has the 



* See Chapter V for a discussion of the criteria for gov- 
ernment investment. 



^advantage of producmgia se/f-liquidating goVemnispt 
interest in successful projects. It is a technique con- 
templated by the FederaJbJNl^nuclear Energy Re- 
search and. Development Act** and by other legisla- 
tion administered by ERDA and other agencies. 
/ At lea^ four specific risk-sharing ventures are 
already in place or in the formative stage: 
• . The proposed Nuclear Fuel Assurance Act, de- 
signed to move a hith|^o Government monopoly 
in uranium enrichment production into the private 
. sector by temporary financial assurance to private 
enrichment firn»^^ 

• The proposed synthetic fuels commercial demon- 
stration program, aimed at constructing a . first 
round ; of cominercial-scale synthetic fuel plants 
(ERDA).: 

• The geo.thermal loan guarantee program,** * which 
will assist both RD&D and introduction of new 
geoUiermal technology (ERDAV 

• The loan program to open new coal mings**** 
(PEA) 

Beyond these specific ventures, the President 
has proposed the Energy Independerfce Authority 
(ElA). The EI A would have at its disposal a variety 
of tools to share the risks on many types of energy 
projects. f 

Conducting RD&D \ 

Increasingly, RD&D is required to develop new 
technology that can subsequently be Introduced to 
develop ne^ domestic energy resources, or to exploit 
old resources more cleanly and safely. ^Such of this 
kind of RD&D is already being carried out by the 
private sector. But the private sectof^anifot conduct 
all the necessary RD&D; Federal help^s necessary. 
However, a Federal RD&D program shlpuld nether 
act as a substitute for private fun4s nor invest too 
heavily in speculative projects that may ^ever capture 
a place in the market. 

The choice is difficult, but the Fedjeral Non- 
nuclear Energy Research and Developmeiit Actf of 
1974, one of the acts that; establishes the basis for 
ERDA's programs, addresses this question. The 
felevant text states: , . . \ 

''In determining the appropriateness of \Federal 
involvement in any particular research and devcK 
opment undertaking, the Administrator shall give 
consideration to the extent to which the p|x>posed 
Undertaking satisfies criteria including, ^ pj^t not 
limited to, the followifig: i 
(A) "The urgency of public need for the jfotentiai 
^ results of the 'research, developnient, or 



• Public Law 93-577; Section 7. ^ 
*** Title 2, Public Law 93rAlO, "G^othcraial Bnergy Rc- 

search» Development and Demonstration Act\>f 1974." 

Public Law 94-163 "Energy Policy and Conservation 

Act" > 
t PubUc Law 93-577, Section 5(b)(i): 
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demonstration effort is high, and it is unlilceiy 
tfiat* similar results would be achieved in a 
timely manner in the absence of Federal 
• * * • assistanci/: 

\ijBr)' < "The potential opportunities for non-Federal 
intqrest^ to recapture^ the. ini^tment in the 
undertaking through the normal commercial 
utilization of proprietary knowledge apjtear 
inadequate to encourage timely results. 
(Q "The extent of the problems treated and the 
objectives sought by the ^undertaking are na- 
tional or widespread in their significance. 
(D) 'There are limited opportunities to induce 
non-FedQ;ral support of the ^dertaking 
through/regulatory actions, end-iise controls, 
: V . \ax and 'price incentives, public education, or 
/.wV ' .\oth^r alternatives to direct Federal financial 
K', ;/;i^^stance. ^ 

CE)"*** degree of risk of loss of investment 
/ V : jihh^rent in'the research is high, and the avail- 
; " . ^i:: . ability or risk capital to the non-Federal en- 
. V tidies, which might otherwise engage .in the 
^' '^^ of the research is inadequate for the 
:* ^ tinjely*;. development of the technology. • . 
(F) ^The/4|))ftgliitude of Ihe investment appears to 
excee4 the financial capabilities of potential 
non-Fed^rar participants in the research to 
*^ : ! ' , ^tpport effective efforts." 

This* legislative; mandate fits closely with the 
nature 'of the -tcchijiology-introduction problem dis- 
cussed in this chapter. Sections (A) and (B) of the ^* 
Act recognize'^.the^iirgency of obtaining th^ results 
of RD&D — an urgency that may mandate govern- 
ment involvement. Similarly, Section (Q stresses the 
importance' of the national benefits to be obtstitifed 
and recognizes that local efforts may nqt produce 
them. Coal and nuclear energy are good examples of 
nationally important energy sources that may^not be 
able to be tapped fully by local or regional efforts. 
Section (F) notes that some energy technology de- 
velopment is just too expensive for.the private. sector; 
fusion power illustrates this case. 

At the same time, the Act infers that di^tr aver 
nues should be explored before deciding on direct 
Federal involvement. Section (D) suggests tl^at ol>> 
stacles to private action should first be removed, and 
Section (E) recognizes the potential value jof risk- 
sharing. 

The Role of Federal Agencies . 

When gq;^mment needs to play any of its three 
roles, it requifbs the action of numerous Federal 
agencies: , 
• Various Federal agencies are responsible for 
' recommending cbmprehdisive natiional energy pol- 
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icy that is in balance with other national policies 

and priorities. Among these agenqies are: 

— Energy Resources Council 

— Council of Economic Advisers 

— Council on Environmental Quality 

— Domestic Council 

— Water Resources Council 

— Federal Energy Administration. 

Various Federal agencies are directly involved in 

managing the expenditures of energy or related 

RD&D resources. Among these agencies are: 

— Energy Research and Development Administra- 
tion . 

— Departinent of the Interior 

— ^Environmental Protection Agency 

— Nuclear Regulatory Commission 

— ^National Science Foundation 

—National. Aeronautics and Space Administra^ 
tion. 

Several agencies are involved in the regulatory 
aspects of enviroifinental prote9tion and human 
health and safety. Chief among these are: 
—Environmental Protection Agency 
— ^National Institute of Environmental Health 
Sciences 

— ^National Institute for Occupational Safety and 
health . . 

— ^Department of Labor (Occupational Safety and 
Health Administration^ 

— Occupational Safety and Health Review Com- 
mission. 

Other agencies are involved in setting Standards 

and regulations for energy-related organizations. 

Among these are: 

—Federal Energy Administration 

— ^Federal Power Commission ^ 

^Nuclear Regulatory Commission 

— ^Department of Commerce (National Bureau of 

Standards) 
— ^Department pf Transportation , 
— ^Fe^eral Trade Commission 
— Interstate Commerce Commission 
; — ^Federal Maritune Commission. 
Other agencies work with the ptlvate sector to 
assist the market penetration of key enitgy tech- 
nolo^es. Among these are: 
—Department of Housing and Urban Develof^ 

ment * 

— ^Department of Conunerce ' 

— ^Department of the Interior 

-^mali Business Administraticm ' 

— Department of Transportation 

— General Services Adnmiistration. 

Finally, there are agencies that deal with other 

areas that hav^ direct energy implications. Among 

these are: 

—Department of State 

— DqMurtnjent of the Treasury 
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— ^Department of Defensie 

—Department of Health, Education and Welfare. 

The Role of ERDA 

Energy RD&D is an important component of 
the total Federal role, and ERDA plays a leadership 
role here in three ways. ' 

First, ERDA develops and upj^ates this Plan. 
The Plan cannot, and is not intended to, represent 
technology as the total solution to the energy prob- 
lems, predict certain success for any particular pro- 
gram, ensure immediate results, or preselect a single 
energy future. Rather, the Plan performs three princi- 
pal functiops: 
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effort. In this way, a coordinated program aimed at 
common objectives is more likely to emerge. Volume 
II of this Plan summarizes the activities of 23 Fed- 
eral agencies as they relate to the total RD&D pro- 
gram. , 

Finally, ERDA is the principal sponsor of Fed- 
eral energy RD&D as well as of several risk-sharing 
programs. 

This chapter has examined the energy problem 
and the nature ol its solution, a sketch not so very 
different from that drawn in ERDA-48. More im- 
portantly, it has attempted to set forth the institu- 
tional structure in which the energy problem must be 
solved. Specifically, it has spelled out the division of 
responsibility between the private and the public sec- 



Establishes a likely order of technology ifttro-^^tprs, as well as the three supportive roles played by 
ductidn from the near- td,the long-term, dnc} ' ^ " ^ i -.t!. — * 
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identifies current major gu^^sts for measur- 
ing arid assessing* the rate "Sf technology intr6- 
duction. These guideposts can be useful in 
evaluating whether enough new technologies 
are being introduced to solve the Nation's 
energy problem, and in identifying possible 
compensatory government action. 
Proposes energy RD&D priorities linked di- 
rectly t,o the order of technology introduction.. 
These national priorities are intended to be 
generally helpful in evaluating the , national 
energy RD&D effort "l/i .pai;^icular, the pri- 
orities bear ok th^^ all^catibn bf government 
RD&D resonrces.,^ ;^ - 
Stimulates debateti^ '^tii^ technology options 
open to the Nation"^ the context of the total 
energy problem. ERDA believes this context, 
" - which forces the weighing of all alternatives, 
together, facilitates the objective evaluation of 
individual teohnologies. It is a debate that 
should Be encouraged. 

Second, ERDA is responsible for monitoring 
and reporting on the entire Federal energy RD&D 



the Federal Government. Similarly,' the functions of 
the* several Federal agencies, and especially ERDA, 
have been clarified, and the cooperation of the Fed- 
eral energy RD&D program has been emphasized. 
However, a discussion of the crucial role'>to be played 
by state and local governments has been postponed « 
until Chapter IV to simplify this discussion. 
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• These assessments, which will be reg:ularly included in 
subsequent editions of this document, are based on: 

• How much domestic oil and gas is actually found and 
produced 

• The availability of imports from secure sources, plus the 
backup protection against supply disruption that cin be 
gained from stockpiling . ' 

• The degree and rate of implementation of both existing 
and emerging technologies 

• The degree of modification of life styles the Nation finally 
. adopts 

• The degree of end-use efficiencies that may finally be at- 
tained % 

• The level of effort that can be allocated to the develop- 
ment of new technology by the pubfic and private sectors 

• The economic and technical success finally achieved by 
new technologies 

• The extent of environmental, economic, and sociopolitical 
considerations. 

Chapter VI discusses such assessment^ n^iblre fully. 
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Chapter II— Fundamentals of the Plan 



The National Plan for Energy Research, Devcl- ^ 
opment and Demonstration has been forniujated as 
an integral part of the overall policy for addressing 
the Nation's energy needs. It is responsive to the 
national' energy policy goals and principles enunci- 
ated by the President (see Preface). While its em- 
phasis is on technological development, it is "con- 
sistent with and reflects broader policy concerning 
import levels, foreign relations, the needs of industry 
and consumers, fiscal policy, environmental protec- 
tion,^ and human health and safety. 

This chapter presents the fundamentals of the 
National Plan for Energy RD&D: 

• National policy goals related to energy 

• National energy technology goals 

• Strategy and priorities for RD&D. 

In addition, the final section of the chapter dis- 
cusses specific supporting technologies, basic energy 
science, and environmental research. 

National Policy Goals Related to Energy 

The National Plan for Energy RD&D is based 
on five national goals formulated to guide the intro- 
duction of hew technology: *, % 

• Maintain the security and policy independence of 
the Nation 

• Maintain a strong and healthy economy, providing 
adequate opportunities and allowing fulfillment of 
economic aspirations (especially in the less af9uent 
parts of the population) ^ 

• Provide for future needs so that future life styles 
remain a matter of choice and are not limited by 

. the unavailability of energy 

• Contribute to world stability through cooperative 
international efforts in the enerj^ sphere 

• ProteJjt and improve the Natioh's environmental 
quality4>y assuring that the preservation of land, 
water,, and air resources is giVen high priority. 

These goals express ERDA*s current under- 
standing' of the national interest with respect to 
energy technology, 4nd should therefore serve as the 
basis for energy RD&D in both the private and: 
public sectors. Because of their fundamental impor- 
tance, these goals merit continued scrutiny and debate. 



The Need for Choices. 

To achieve the national policy goals related to 
energy,' the U.S. must have the flexibility of a broad 
range of energy choices. 

It is not possible to predict now what our Na- 
tion's interests and i^ people's desired life style will 
be at the end of this century. Whatever'^ those inter- 
ests and desires are, however, energy should be 
available to serve them. The present situation, in 
which natibnal policy and social choice are con- 
strained by pverreliance on increasingly scarce forms 
of energy, cannot be allowed to recur. 

It would.be presumptuous now for the Nation 
to select a single technological course of action 
toward long-term energy independence. Yht success^ 
ful exploitation of new energy sources and the reduc- 
tion of the growth rate of energy demand require a 
broad range of approaches. Central among tUfce is 
the development and deployment of new techn^gy; 
that is the focus of this Plan. Because technology 
development is uncertain, commitnoent now to one 
set of technologies for the future would, ignore the. 
possibility of failure. Even if technological success 
were guaranteed, it would bb impossible' to ensure 
that the resulting technology would be best suited 
for future conditions. 

Finally, it is reasonably certain that the Nation 
would be better served by leaving to the future the 
ultimate choices of how much energy is consumed, 
which technologies are actually implemented, and to 
what degree. To provide limited options for the 
future wQuld undermine the strengths of the market 
place and individual choices of life style. 

■ • " > / ■ 

Responding to the Problefn r « 

I. -.»/■/■ 

In its immedii^te r^spyse to thc^Riergy >itua* 
ti6n, the Nation is ciurrentH^ liniitcd to two choices: 
importing, more oil and natural gas or making do 
with less energy. Successful achievement of national 
goal^, however, mandates a more positive policy 
aimed at exploitation of^domestic resources, and re^ 
duction of unnecessary waste in energy consumption. 

Th^ 'Nation has several possible courses of 
technologital development that can assist in solving 
the energy problem. The first course of actiofl is to 
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produce more of the major fuels in use today. Sec- 
ondly, new technologies to expedite the transition to 
resources that are presently under-used (e.g., solar 
energy for heating, geothermal)' or essentially 
inexhaustible (e.g., fertile uranium for breeding, ^ 
fusion tuels, solar energy for electrical generation) 
can be developed and introduced. Thirdly, to make 
better use of more plentiful resources, actions can 
be taken to alter present patterns of end-use con- 
sumption. These actions can facilitate the shift of 
major end-use sectors from dependence on scarce 
fuels to more plentiful resources. As an example, ' 
electrification of land transportation would terminate 
present dependence on oil and gas and allow needs 
to be met by any of the basic resources, all of which 
caa be used to generate electricity. Finally, efficiency 
improvements can be mad^. both in the conversion 
of resources into energy and- in the end-use devices 
that use thii energy to meet societal needs. 

All these desirable courses of action, if they are 
to achieve their full potential, require the develop- 
ment and implementation of new or improved 
technology. • 

National Energy Technology Goals * 

The framework for organizing a' Ndkonal Plan 
for energy RD&D must be establishe^Pin relation 
to the five national policy goals and must permit a 
positive response to the energy problem. To provide 
this framework, the four courses of technological 
development discussed above have been expaifded 
iato a set of national technology goals. Two addi- 
tional goals have been added to cover activities that 
support all technological approaches. The set of 
national energy teibhnology goals is as follows: 
^ . I. Expand the domestic supply of economically 
recoverable energy-producing raw materials 
II. Increase the use of essentially inexhaustible 

domestic energy resoujges 
III. Efficiently transform fuel resources into more 

desirable forms 
ly. Increase the efficiency and reliability of the 
procerses used in energy conversion and de- 
livery systems \ 
V! Transform consumption patterns to improve . 

energy use 
VI. Increase end-use efficiency 
VII. Protect and enhance the general health, safety, 

welfare, and environment related to gnergy 
VIII. Perform, basic and sypporting research and 
technical services ifelated to energy. 
These goals emphasize not only the develop- 
ment of technologies related directly to the energy 
supply, but also the development of technologies 
that focus on the: 

• Crucial importance of reducing energy waste and 
increasing the efficiency of energy use in all sec- 
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tors of the economy through the application of 
e;(isting and new technologies ^ 

• Major role of technologies in protecting and en- 
hancing the quality of the human and physical 
environment, a concept thsjt must be fully inte- 

« grated inti^all as|>ects'of energy production and 
use 

• Need for basic research and technology transfers 
from other high-technology areas to support and 
stimulate continuing innovation j^l the energy 
technology area. 

The supply and demand technologies related to 
goals I through VI are listed in Table II- 1. The 
table also shows the best estimates (developed last 
year) of the energy impact in the year 2000 of an 
aggressive but potentially attainable rate of introduc- 
tion of each technology, and indicates the time frame 
in which eabh technology wpuld .begip to have an 
impact. This table summarizes the current spectrum 
of technology options from which the Nation may 
select and introduce new energy technology if eco- 
nomic and other criteria^ are met. Before a strategy 
for achieving these goals can be developed, however, 
it is necessary to examine the Nation's energy re- 
source base — the resources presently available to 
address the Nation's energy problem. 

The Importance of Resburces 

^V^ A crucial requirement in the devel^pmbnt of a 
^lational Plan for fiitergy RD&D is an understand- 
ing of the Nation's' ^er^ ^jesource base. That 
understanding must bSj^ ^itli knowledge of those 
resources currently in widespread use and known to 
exist, and those currently unused or Gnder used. 
Despite the great visibility of new and exotic energy 
forms in both general and technical literature, the 
fact remains that the U.S. currently depends pn coal, 
petroleum gases and liquids, hydroelectricity, and 
nuclear power to meet 99 percent of its energy 
needs. More critically, ^5 percent of these needs are 
met solely by petroleum and natural gas, both of 
which are in limited domestic supply. ^ 

The following discussion of the Nation's re- 
sources wilj. 'develop and illustrate two key points: 

• The Nation possesses very large domestic fuels 
resourcei^ that are i|nder-used or not used at all. 

• Tha^ magnitude of th1e recoverable resources and, 
in many cases, even their availability are depend- 
ent upon technology. o 

Reliance on a Narrow and Declining 
Resource Base 

The urgency of the need for transition to new 
energy sources emergens dearly from . the intensive 
Qsappraisal of the Nation's oil and gas resources per- 
formed by the United States Geological Sorvey 
(USGS) and independently supported in a study by 
the National Academy of Science (NAS). These esti- 
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GOAL 1; Expand the Domestic Supply of 

Economically Recoverable Energy Producing^ 

Raw Materials 
Oil and Gas — Enhanced Recovery Mid 
Oil Shale ' Near 

. Gepthermal Mid 

GOAL II: Increase the Use of Essentially 

Inexhaustible Domestic Energy Resources 
Solar Electric Lohg 
Breeder Reactors Long 
Fusion Long 

GOAL 111: Efficiently Transform Fuel Resources ^ e 

Into More Desirable Forms 

Coal— Direct Utilization Utility/Industry Near 

*Wa$fe Materials to Energy Near 

Gaseous & Liquid Fuels from Coal Mid 

Fuels from Biomass Long 

GOAL iV: Increase the Efficiency and Reliabiiity 

of the Processes Used in the Energy 

Conversion and Delivery Systems ; - . 

Nuclear Converter Reactors ' Near 
Electric Conversion Efficiency Mid 
Energy. Storage Mid 
Electric Power Transrifiission: and Distribution Long 

GOAL V: Transform Consumption Patterns to ' 

Improve Energy Utilization 
Solar He^atA Cooling Mid 
Waste HlVutilization Mid 

Electric Transport . Long 
Hydrogen in Energy Systems Long 

GOAL VI: Increase End-Use Efficiency : ^^/^ 

Tivnsportation Efficiency - Near 

Industrlar Energy ;£fficiency Near 

Conservation In Buildings and Consumer Products Near 

• Naar—i^ow through X989 
Mid-->1985 through 2000 
Long— Post-2000 

Assumas no chartga in and-usa davlca.; . 



mates were used in ERDA-48 to project domestic 
petroleum and; natural ga^ production. 

The amount of oil and gas consiidered to be 
. economically recoverable is 'subject to wide varia- 
. tionsyo reflecting different aissumptioos alwut undis- 
covered resourtes^ technology, and p?lce. Responsi- 
ble estimates of remaining recoverableTesources vary 
by a factor of two or more. All major estimates 
agrees however, that at current levels of use, domestic 
supplies of oil and gas cannot support projected 
energy demands for very long. 

The implication of the USGS and NAS esti- 
mates is that current rate$ of oil and gas production 
by conventional methods will be difficult to maintain, 
even with additional Outer Continental Shelf and 
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Alaskan production. Without enhanced ifecovery, the 
USGS estimates indicate that production of domestic 
oil and natural gas will begin to drop rapidly in the 
mid 1980's. It is unlikely that major new energy 
sources will be ready by that time. 

New estimates of domestic recoveraUe resources 
may present a more optimistic picttirc. However, for 
purposes of planning for alteniative JRI>&D pro- 
grams, it is more prudent to use the lower band of 
easting estimates. In either case, as Efr. McKelvey, 
Director of the USGS, has said: 

. . . higher and lower estimates still carry t^e same 
message on several important policy questions. All 
indicate that substantial amounts of fluid hydro- 
carbons remain to be discovered if explofationr is 
-encouraged. All indicate that one of the largest 
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targets for future production is the oil presently 
, remaining in place that might be available If re- 
<^^^?>i'j^^'nf technology is advanced. AH emphasize the 
of frontier areas^, and all sl}Ow that it 
■'^^'P^ necessary soon to develop other sources of 
' : energy as . the mainstay of our future energy 



supply.* 



SpAific Changes in Resourc^Estimates 
Since ERDA-48 



Estimates of the major'^^overable don^estic 
resources are shown in Figure 11-^1. The shaded areas, 
in this figure indicate the additioi^^ resources that 
•may become Recoverable if the technology can be 
/ developed to make this feasible. The figure and 
the estimates are identical to those presented in 
ERDA-48 with the following exceptions: 
• An increase in the estimate of coal resbuices. The 
recoverable resource level f estimated at 12,000 
<]uads in ERDA-48, has been increased to 13,300 
quads (an 1 1 percent increase) to reflect a new 
resource assessment by USGS.** The new USGS 
estimate showed, an' overall 25 percent increase fn 



* Department of the Interior News release. May 1975. 
**.Sfe Cha'pter VI for a more detailed assessment of this 
new astessment. 



total coal resources (inpiuding resources not cur- 
rently coiisjidered economically recoverable). 
, • T6e addition of solar enei^ to the recoverable 
resource base. The esUmatjc shown in the chart 
(4-3,000 .quads per year) represents the average 
solar fli^x incident on the Ui$. per year, and indi- 
cates the hi^ contributi6n potential o^ this re-, 
source. However, significant technical problems are 
associatefl With .the use of solar energy. Since 
energy flux is relatively low in energy value and is 
intermittent in a terrestrial application, ttie prac- 
tical application of solar energy requires the 

' availability of large collecting structures and 
energy storage. (For example, 20,000 to 30,000 
acres of thermal collector area are required for a 
1,000 megawatt electric plant at today's coU^on 
efliciences.)' Furthermore,' sdlar energy technol- 

' pgies and their applications will require varying 
degrees of further development before they can 
become economically viable. Some water and 
space heating sy stems are 'being introduced in the 
U.S.; hbweyer,- considerable technological <}cvelop- 
ment is required before solar energy in other forms 
can be used efficteiitly and econoniically. 

• The addition of fusion to the recpyerabk mource 
base. The estimate of 3 trillion quads reflects the 
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potential energy that can be derived from the deu- 
^ terium in the oceans/ In theory, fusion energy is 
capable of providing all the jenergy needed for an 
indefinite period. Through the RD&D process, 
scientists are attempting to translate that theory 
into practiTce. Difficult scientific, engineering, and 
economic problems will have to be solved eyen 
after success has been achieved in producing the 
' necessary controlled thermbiiuelear reaction. 
Nevertheless, th&i resource base is so large that 
success wijl ensure^ a virtually limitless energy 
source.^ *. 

• The addition of geothermai energy to the recover'^ 
able resource base. The geothermai estimate is 
based on a new assessment of resources^ that 
considers utilization of present or near-term tech- 
nology without regard to cost. Most important cur- 
rently is the recoverable heat portion of hydro- 
thermal convective resources. In the mid term 
(1985-2000), the liquid-dpminated hydrothermal 
resources, and the geopressured resources (include 
ing dissolved ^methane) could become viable op- 
tions, for botfi electric power generation or direct 
use as heat. The mid- to long-term (2000 and 
beyond) geothermai potential of the total heat 
resource within the earth's crust is undoubtedly 
very large, in the forms of hot dcy rock, heat flows 
evidenced by'temperature gradients that are either 
"normal" or enhanced by, natural radioactive de- 
cay, and ultimately even magma -(niolten rock). ' 

^ The addition of energy demand estimates (ISh^S- 
2000) with and without conservation. Energy con- 
servation is shown to reduce th; cumulative rer 
quirements by over 1 S percent. The demand 
estimates are based on the Scenarios contained in 
. ERDA-48. 

Implications of the Resource Estimates 

Si* 

Figure II-l shows the relatiye*paucity of domes- 
tic oil and gas resoiirces cpmpared to the estimated 
cumulative energy demand from now until the enb 
of the century. Coal and nuclear represent the major 
exploitable resources to supplement oil and gas over 
» the next several decades. Geothermai, oil shale, and 
solar energy (in the form of solar heating aild^cool- 
ing) represent supporting resources to ease overall 
supply problems during ^that time period. Nuclear 
breeders, solar electric, and fusion represent tech- 
nologies that can exploit major resources for the 
next century; these technologies also have the poten- 
tial to contribute to meeting energy needs during the 
latter' part ctf this century. 

In summary, even though the Nation is blessed 
with abundant energy resources, it is presently de- 
pendent upon a narrow base of diminishing re- 

* ifee Chapter Vi for a^ore detailed discussion of this 
new assessment 



sources. Accordingly, the National .Plan for Energy 
RD&D describes likely options for introducing new 
technology that will assist the changeover from de- 
> pepdence on this narrow base of diminishing domes- 
tic resources to reliance on a* broader raiige^oY less 
limited alternatives. 

f:\ The transition to less limited resources poses 
substantial technological and environmental prob- 
lems. Of equal importance are the difficult economic, 
. social, and institutional problems that will J)e asso-* 
ciated with this transition. An RD&D program^ how- 
ever successful technically, can fail because of failure 
to solve any one of these problenis. These^prqblems 
are addressed in later sections of thi^ report. 

,» * , ■ *" , 

Stratejgy and Priorities for RD&D 

A National Plan for Energy RD&D should be 
guided by the policy and technology goals estab- 
lished. It must also reflect the reality of available 
domestic energy resources iand the developmental 
status of technologies needed to use these respurces^i 

^ To translate the understanding developed thus far 
into an RD&D program, however, it is necessary ^o 
compare the potentials of the wide spectrum of tech- 
nology options currently Under investigation. Defini- 
tions of major technological options to be considered 
in the Plan are presented in the Glossary. Twenty-one 
major RD&D technologies and 14 supporting tech- 
nologies are described. 

. ERD}B(-48 examined a numl>er of combinations 
from the spectrum of technology options to estab- 
lish both an overall strategy and specific energy 
RD&D priorities for the principal supply and demand 
technologies. Subsequent analysis, described in 
Chapter VI, has changed the strategy and priorities 
of ERDA-^8 in one important respect: 

Priority Ranking of Conservation iiow signifl- 

, cantiy increased. This major chaise from ERDA-48 
reflects observation of only moderate progress to 
date on supply technologies, public comment on 
ERDA-4,8, and further analysis of conservation opr 
pbrtunities. Specific reasons for assi^iftg higher 
priority to energy efliciency technologies are identi- 
fied t)elow. Many of the technologies to improve 

^ energy efficiency currently qipear to have one x)ic 
more of the following characterfstics. 

• A barrel of oil saved can result in reduced imports. 
Conservation combined with < fuel suhpl ef- 
forts reduces dependence on forei^ on. The fOcus 
is on cost-eflectiye. approaches since not everything 
that ^sayes energy sffould be implemented at t^ 
time. Technology deVcjlopment should incr^^^ the 
numt)er of cost-effective approaches availat»e. 

• It typically costs less to save a barrel of oil than 
to produce one through the development of new 

, tgchnologyo 

M 
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• Energy conservation generally has a morp. bene- 
ficial effect on the environment than does eiiergy 

* produced and used. * 

• Capital requirements to increase energy-use effi- 
ciency are generally lower than capital needs to 
produce an equivalent amount of energy from new 
sources since most new supply technologies are 
higtily capital-intensive. 

• Conservation te<::hnologies can generally be im- 
plemented at a faster rate and, with less goveifl- 
ment involvement in the near-term than can supply 
technologies. , ^ j 

• Energy efficiency abtions 2^ reduce the pressure 
for accelenitc^ introducUon of new supply tech- 
nologies. Since the actidns persist over time, the 
benefits are continuing ih nature. 

' These reasons deal generally with conservative 
technologies. The rate of application and introduction 
of conservation technologies in specific instances will 
be determined by the comparative economics and] 
social acceptability of the availabl& alternatives. I 

Strategy of Energy Technology 

With this revisiotl, ERDA now views the likely 
order of 'technological change in energy supply and 
demand as follows: ^ 

For the near-tenoi (now to 1985) and beyond, 
' technology will help to: ^ i ' 




Increase the eifficiency of energy used in all sectors 
of the economy and 'extract more usable energy 
from waste Aiaterials 

Preserve and expand inajor domestic energy sys- 
tems: coal, light water feactors, and gas and oil 
from new^ sources and by enhance^ recovery 
techniques. . ^ 

j For the mld-terin (19SS-W) andlMyond, tech- 
will help to: 

• , Accelerate tHe development of new processes for 
producing synthetic fuels front eoal and extracting 
oil from shie 

• Increase the use of fuel forms siijph as geothermal ' 
energy^ solar qaergy for beating and cooling, anct 
extraction of more usable energy from waste heat. 

R^r the long-tenn (past 200^ 
help to: 

• Permit the use of the essentially mexhaustible re- 
sources; nuclear breeders; fusion; and solar elec- 
tric energy from a variety of options including 
wind power,' thermal aad; photo^voltaic ap- 
proaches, and ocean thermal "gradients 

• Provide the technologies to tile the new sources of 
energy, which may be distributed as electricity, ^ 
hydrogen, or other forms throughout all sectors of 
the economy. 

Table II-2 presents the spectrum of technology 
options listed in Table II- 1 in these strategic terms. ' 



Tbiw of Impact 



Table 11-2 The Strategy of Technofogy Introductibn 
atrafglc Clwnwit : Ttcrtioloiy 



bnpKt In YMr 2000 



Near-term 
(now to 1985 
end beyond) 



Increase efficiency of enen^^u^ 
and Convert waste to ener^ 



Preserve and expand dii,; gas, f , 
coal, and nuclear / 



Conservation in Buildings and 
Consumer Products 
Industrial Energy Efficiency 
transportation Efficiency 
Waste Materials to Energy 

Coal-Dif^ Utilization In 
Utility/Industry 
Nuc4ear-Converter Reactors . 



7.1 

8.0 
9.0 
4.9 

24.5 
28.0 







t)il & Gas Enhanced Recovery ^ 
• 


13.6 


Mid-Term 
(1985*2000 ^ 
and beyond) 


Accelerate development of synthetic 
^tpels from coal and shale 


Gaseous and liquid fuels from Coal 
Oil Shale 


. 14.0 


1 


: / Increase us^ of under-used (Umited 
application) fu<l forms jand extrajst 
V more usable energy from waste heat 


Geothermal 

Solar Heating & (^Ifng 
Waste Heat UtiUzetibn . : 

— — — ' -■' • & : » — — — 


3.1-5.69 
5.9 
4.9 




Long-Term 
(past 2000) 



Develop the technologies necessary 
to use the essentially inexhaustible 
fuel resources 

Develop the te<:hnology .necessary 
to change the existing distribution 
systems to accommodi^e the 
distribution of new energy sources. 



Breeder Reactors s ^ 
Fusion 

Solar Electric ^ J 

Electric (inversion Efficiency. 

Electric Power Transmission &. 

Distribution 

Electric Transport 

Energy Storage 

Hydrogen In Energy Supplies 

Fuels from Blemess V 



3,1 
2-l-4i 

2.6 
1.4 

1.3 
. 14 
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Table 11^3 presents the strategy in more concrete 
term$-*^the liutQbers of energy facilities that* would 
be built if all the technologies were successfully 
introduced. These estimates are not additive, since 
not ; all technolo^es must be introduced fully to 
satisfy demand in the year 2000, 

While these tables are not prescriptive, they 
potentially provide a set of yardsticks useful in asr* 
sessing the actual rate^of technological introductioit. 
Such assessments are essential to shaping the Federal 
role. in developing energy* teclyiblogy to fit progress - 
1)eing made in the private sector. 

National RO&D l^iorities 

Based ,on'an understanding of the strategic role 
of technology in solving the Nation's energy prob- 
lem, it is possible to suggekt what type of energy 
^D&b is most important* Se^^al observations are 
hbipful in understanding the nature and use of these 
priorities, presented in Table f 1-4. V 

. 1. The highest supply and demand technology 
priorities stem directly from the strategic iissessment 
.desc^bed in the precedmg section. ^ 



Table 11*3 Numbers of Ma|or Facilities Potentially 
Required by Year 2000 

Typ«of ^ NumbT of Equlvalant FacHHI— ' 

Ensrgy . Polantlally 

FacliniM ; R»quir»d In 2000 Exlttlng In 1975 



Fbssil Power Plants 500-^800 
(1000 MWe equivalent) ^ 

Nuclear Power Plants 
(1000 MWe equivalent) 

Geothermal Power Plants 
(1000 MWe equivalent) 

Solar Electric Power Plants 
(1000 MWe equivalent) 

Coal Mines ^ 
(one million tons/year 
equivalent) 

Coal Liquefaction or r 
Gasification Plants ; 
(50,000 b/d oil equivalent) 

Oil from Shale Plants , 
(SO^CKjG b/d oil equivalent) 

Buildings (millions) 
Solar Heated and (^oled 

Heat Pumps ' . 

(millions) 

Electric Automobiles 
(mililons) 

Notes 



450-^00 



\40-€00 



5(^100 
1600-2370 



70-140 



40-80 



13-22 



13-26 



10-20 

, ft 



400 



37 



0.5 



640 



negligible 



0.2 



negligible 



• The list It jion*additive because different technologies serve 
the equivalent energy markets in different scenarios. 

• Sourcii for the date is the EROA-48 scenarios. 

• MWe = megawatts electric 

• b/d = barrels'^r day ' 



, , ,;. ^ 7^ 

2. Under-used (Hmited appUcatioii) mid-term 
technolojgpes such as geothermal and s<^ heating 
and cooling are assigned only a jnoderate priority In J 
the ranking. Rowever, certaip/applications of these 
technologies c^n have an impact on the Nation's en- 
ergv denjand in the mid term with the establishment 

of alii industrial base. Th^ technologies are impor- 
tant because they are Sufficiently well-developed tb 
be emfrioyed on a regional basis where the resources * 
* can be exploited economically. The geothermal re- 
sources and technologies included in this category * ^ 
are limited to hydrothermal and geopressurized ap- . 
plications, and the solar heating and cooling t^h- 
nologies may be limited to areas that enjoy high 
levels of insolation and cxperienqe relatively high 
costs for alternative fuels, ^ . 

3. A lower priority is'' assigned to tecluiolo|ics 
supporting intensive electrification, and to hydrogen 
and biomass systems. , Electrification technologies^ . 
and hydrogen systems are likely to be very important 

to an economy powered by breeders, solar electricity, ./^ 
and fusion power. As the importance of electrifica- 
tion increases over time, the priorities for these tech- 
nologies should also be increased. Further Slpdy may 
al<D reveal Specific applications within the broad 
technologies that should receive a high priority how. 

4. Notwithstanding the differences In priori- 
ties, some work on all the eneigjr tecluiologie;^ Is 
appropriate now. A number of factors support this 
conclusion: - 

• A specific RD&D dan fail entirely; or can produce 
results much later than expected. It would thus be ; 
unwise to restrict the number of RD&D effoijs on 
the assumption that anyone will be successful. 

• The long lead, times characteristic of the technol- 
ogies for using inexhaustfble resources require that 
RD&D>be undertaken now to ensure their timely 

* availability. Figure 11-^2 summarizes this problem. . 

• Only the snixessful . development and implemen- 
.tatioi>^f a number of technologies in a combina-^ 

^tipn of^pfi^rbaches can provide adequate solutions * 
tothepresc^k energy problem. • \\ 
Curtftilnient of any major existing energy source 
: (e.g., nuclear power) places heavy demands on all 
y. the remaining options. - . 

RD&D priorities have a oumbier 
or lisei, ks well as some limitations/ Bibth their u§es v! 
and limitations are important to a proper under- v 
standing of the priorities. 

iif assessiif progress toward 
die eheigy technology golds; RD^ is a pre- 
cursor of technology introduction. Therefore, 
RD&D pj/^gress, br lack of it, provides early indi- 
cations ip^ whether the technological strategy is 
proce^dingias ^planned. :' 

• The priAiltfeaMorm the basis for Federal action* 
jwhen any 6f*Aic three Federal roles is justif"" 

the priorities h^p. determine its urgency. 
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t T«blt lt-4 Prop(M0d National Ranking of RMD Technologies* 



HIQHEST PRIORltY DEMAND 

• ■■ ■ » , '* . * 

NEAR-TERM CONSERVATION (EFFICIENCY) 
* TECHNOLOGIES 



CONSERVAXIOi^ IN BUILDINGS & 
CONSUMER PRODUCTS . 
INDUSTRIAL ENERGY EFFICIENCY 
TRANSPORTATION EFFICIENCY 
WASTE MATERIALS TO ENERGY 



HIGHEST PRIORITY SUPPLY ' f> 
^ NEAR TERM MAJOR ENERGY SYSTEMS 



NEW SOURCES OF LIQUIDS AND GASES 
FQR THE MIDYERM 



[•INEXHAUSTIBLE" SOURCES FOR THE 
ONG TERM 



OTHER iMPORTAN# TECHNOLOGIES ' 

V UNDER USED (LIMITED APPLICATION) 

MID-TERM TECHNOLOGIES 



TECHNOLOGIES SUPPORTING INTENSIVE 
ELeCTRIWfeATION 



TECHNOLOGIES BEING EXPLORED FOR 
V THE LONG TERM 

*V>divIdual TschnologiM ara not ranked within th« t«chn»locy cfttgorUt, 



COAL'DIRECT UTILIZATION IN 
UTILITY/INDUSTRY 
NUCLEAR'CONVERTER REACTORS 
OIL AND GAS ENHANCED RECOVERY 

GASEOUS AND LIQUID FUELS FROM 
COAL 

OIL SHALE. / 

BREEDEt^ REACT6RS 
FUSION 

SOLAR ELECTRIC 



• GEOTHERMAL 

•j SOLAR HEATING AND COOLING 

• WASTE UTILIZATION 

• ELECTRIC CONVERSION tPFICIENCY 

• ELECTRIC POWER TRANSMISSION 
AND DISTRiBUTiON ' 

• ELECTRIC TRANSPORT 

• ENERGY STORAGE 

• FUELS FROM BlOMASS 
HYDROGEN IN fNERGY SYSTEMS 



The priorities arc not sipiply related to the aDo- 
cation dof ERDA RD&D resounres. As outlined in 
Chapter I and discussed in detail in Chapters III 
and V, the chain of events from national priori- 
ties to ERDA programs is a long one. A Federal 
role must first be justified, and the relative impor- 
tance of Federal RD&D— as opposed to other Fed- 
eral ffctions— assessed. When Federal RD&D is 
indif^ted, ERDA may not be the appropriate agency 
to ciinduct the related programs/Further, the level 
of , ERDA resource commitment is also influenced 
•by the stage of technology development ^d the 
overall size pf ERDA's budget. ^ 

Despite their limitations, these RD&D priori- 
ties should serve tas a useful tool ih linking both 
private and public RD&D to the national interests 
in energy technology. 

Specific Supporting Technologres 

iSuccessfUf^ implementation .oj « the RD&D strat- 
egy to develop^tod implemeut the pruAary RD&D 



technologies requires the concurrent development of 
technologies that provide specific support. The pri- 
ority and status of these technologies, listed in 
Table II-5, derive from the technologies to which 
they relate. ° . 

The following list, originally included in 
ERDA-48, presents specific supporting technology 
activities: - 

• More rapid and complete' assessment of domestic 
uranium resources^ , 



Tablo ll-9 Supporting TochnologiM ' 

Specific Exploration itQd Rei^urce A«$assment 

Supporting Mining and Beneficlatloh ' 
Technologies: Environmental Control T#ehndlogy 
-.. Nuclear Safeguards 

Support to the NiiclearFuel Qycle 
Uranium Enrichment 
Fossil Fuel Transportation 
Waste Management^ 
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RESEARCH AND ENGI NEE RING PHASE 



. t P<LDT PLANT INITIAL EXPE RIENCE 

I demonstrations' 



\ LARGE SCALE COMMERCIAL 



\ ELECTRIC TRANSPORT , \ 



\ BREEbe WS 



1 



i SYNTHETIC FUEL^ \ 

] 



SOLAR-WIND 



SOLAR-THERMAL 



1 



ISOLAR-VDLTAIC \ 



IGEOTHERMAL 



I FUSION 



IGEOPRESSURED) 

=3 H 



' (TECHNICAL FEASlBtUTY NOT 
DEMONSTRATED) 



33 YEARS 



^ AN 



AN HISTORICAL 
IE X AMPLE: 

,HT WATER 
REACTOR DE/feLOPMENT 



"J 



FIRST CHAIN FIRST ELECTRICITY 
REACTION (1942t TD GRID (1955) 



1 "1 ~~f 

SHIPPING PORT OY^STER CREEK 
REACTOR GOES START OPERATES 
CRITICAL (1957) (1964) (1970) 



SIGNIFICANT 
SHARE 
* DF 
MARKET 



k • niPnCSCNTS A^PROKIMATi STATUS OF Tf CMK*OLOOV TOD^V 
• FlOU«i ISNOT INTENOfOTO PBfOICT TIME BiQUIBEO POU MABKKT ^ENK TBMlON ' IT OOH INOICATf 
> TMi $Ti^8 THAT ABS exPICTEO TO BE FOLUOWeO TO ACMieve SIGNIFICANT iljABi OF MABKET. T«e 
ACTUAL OATi ANO ueVEI. OW MaRICIT PENITR ATtON WILL OKFENO ONjOiOMl OF T«CMNtCAL SUCCttt, 
TMf LI Vf L OF «0»0 SUFfORT. ANtf TMf ECONOMICS OF THE NIW TCCMflOLOO'? MLATtVl TO , 

.ALTcnNATives. 




NUCLEAR POWER 
PROVIDES APPROXIMATELY 
OF ELECTRICITY PRODUCED 



Figure 11-2' Status of LongerRiBnge Technologieft 
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• Expansion of tqfA availability and use through 
improved mining and environmental control tech- 
nologies \ 

• Increased effort toward understanding biomedical 
and environmental consequences of wasfe prod^ 
ucts generated and dispersed by fossil energy ; 
technologies 

• Emphasis on resolution of nuclear safeguard 
issues to strengthen the viability of the nuclear 
option 

• Increased effort on light water reactor fuel cycle 
^chnplogy where information and experience are 
required>to resolve issues of chemical processing, 
plutonium recycling, and waste management 

• Early expscnsion of the U.S. nucleai; fuel enrich- 
ment capacity tfarougll diffusion, centrifuge, and 
other techniques. 

Basic Energy Science and 
Environmental Research , 

Two of the energy technology goals do not in- 
volve direct supply and demand energy technology. 
They do, however, encompass two critical techno- 
logical activities: basic energy science and environ- 
mental research. / ^ ^ . ' 



' . . ■ ■ f, ■■ ' • • 

Basic Energy Science . \ ■' 

'Basic ener^ science provides the seedi^ for 
future technological advances! The basic strategy of 
the National Plan for Energy RD&D is that the Na- 
tion must rapidly change to new energy technologies 
and new resource bases. Much pf.the research to 
accomplish this massive task will be developmental 
and applied, and will be performed by the private 
sector* or in certain cases by the govenmient. 

To develop new knowledge relevant to the Na- 
tion's energy goals, an accompanying program of 
^ lo^er range, more fundamental research must also 
be established. Only by gaining new insights can^ 
majbr improvements be made in existing technolo- 
gies, and entirely new concepts developed. Since the- 
residts of research car^t be predicted with any 
certainty, the apropriate level of support is based od 
subjective judgments of the possible" future signifi- 
cance of technology needs and. the nature of the 
uncertainties to be resolved rather than on objective 
analysis. 

Fundamental research has to be supported 
largely by public funds. The private sector can ^nd 
does perform excellent biisic research in selected 
areas, but in general there is insuffidieht incentive 
for it to Invest heavily in' activities that can pay off' 
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only in the long tfcrm. The return from research is 
unpredictable, and the results may not accrue to 
those making the inittal^nvestment. 

A national program of basic energy science 
must include two types of research. One type ad- 
dresses topics where the results, if successful, can 
be expected to form the foundation on which neW 
or improved environmentally acceptable technologies 
can be built. For example, improved understanding 
of the strength and corrosion of structural materials^, 
the fracture of rocks, or chemical reactivities and 
kinetics may have major impacts on many diflerept 
development programs. Within ERDA, the focus is 
on tho§e area§ where the development of future 
energy^ technologies requires increased understand- 
ing. 

The second type of research implicit in the 
overall national program is 'that directed toward the 
discovery of fundamental laws and ptinciples. While 
^ past experience has indicated thatt-the result of such 
research will pft)bably be useful ultimately, this can- 
not be, predicted except in the most general terms. 
The ERDA programs in medium and high energy 
physics wist of this^ typ^i Both seek a deeper under- 
standing of matter and energy at the most funda- 
mental level., IPhe research . seeks to enhance man's 
culture ftnd imder standing, of nature, which are 
values of great but intangible benefit. 

. Placing basic energy science in agencies respon- 
sible for meetingr development and demonstration * 
goals produces an elemenl^ of conflict. Some feel that 
basic research thrives m an environment not domi- • 
nated by demands for short-range applications; how- 
ever, the ultimate usefulness of basic research is 
typically its primary justification. If rapid applica- 
tion of results is to 'occur, there must be a conscious 
effort to transfer fundamental results and insights to 
those responsible for development and demonstra- 
tion. 

To effect this transfer of results, each federally 
supported technology program must have a, compo- 
nent whose primary function is to bridge the basic- 
to-agplied gap^ ^rving as the point of contact 
between programs and the basic research ^tivity. In 
this way, program requirements are translated in|p^ 
Ae^ed fundamental knpwlQdge by the re$earclK^|.l 
and new fundamien|al knowledge is tra|^lated into 
engineering concepts in* the devielopmentiaiid demon- 
stration programs: 



Environmental Research 

< Quality of life is measured not only ifi tern^ of 
the goods and iseiSrices that an abundant knd cheap 
energy supply can provide, but also in Jerms of 
human health and a clean environment. An energy 
future that promises inexpensive goods and services 
but that neglects the, cost of damage to man and the 
environmeift is a poor bargain. Generally, however. 



the adverse impacts of technology can never be 
totally diminated. Thus, the challenge is to create 
energy futures that ^e enviromnehtally acceptable 
as well as technologically and economically viable. 

"Environmental acceptability" implies a* tra^le-off 
between the .energy benefits* sought, the consumer 
cost of energy, and the social cost of damages to 
human health and the environment. Environmental - 
considerations are among the many factors that con-, 
tribute .to the need for alternative- technology^ 
approaches; accordingly, they must be weighed care- 
fully in tH|e decision proc^ses leading to the adop- 
tion, rejection, or modification of these alternatives. 
This integration of environmental considerations 
into the ERDA decision-making process is discussed 
further in Chapter V of this report. However, it 
must be recognized that major environmental issues 
will be resolved not through technology alonp, but 
also through social processes^ * Ijience, public dis- 
semination of the implications of technology alterna- 
tives is mandatory to permit socially optimal chofces. 

In general, at a/given .level of energy produc- 
tion, the direct cost of supplying eneil^ to the con- 
sumer de^ease^ as^ si^h associated |)rocesses a^f: 
land-reclamatiop, waste disposal, and air and waraljl 
pollution control are ipinimized or neglected. Thus, 
^ the direct cost of energy decreases as environmentid 
restrictions are ^sed. At the same time, indirect 
social and environmental costs (e.g., pollutant- 
induced diseases, disabilities, shortened lifespans, 
deterioration of, buildings, reduced productivity) in- 
crease as ei)vironmental degradation bcreases. Iliese 
trends are shown in Figure II-3. 




INomEC 

ENVIRONMENTAL 
DAMAGE 
QOSTS 



DIRECT 
ENERGY 
COSTS 
INCLUDING 
POLLUTION 
CONTROL) 



ENVIRONMENTAL DEGRADATION 

NOTE: DIRECT ENERGY COSTS ^INDIRECT 

ENVIRONMENTAL DAMAGE COSTS - TOTAL 
COSTS>TO SOCIETY. ^ . 

Figure 11-3 Conceptual Environment/Cost . 
Traded Curve at a Fixed Level 
of Energy Productjim 
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The sum of- the direct .energy costs and' the in- 
dkect social and environmental costs represents the 
Jofal cost to society.' In theory, this curve should 
exhibit a minimum cost yalue. Sk>ciety may choose " 
to pay more than this minimum cost in one of twe 
ways. The first, tp the right of the trade-off curve, 
iS M^e historical approach in which the direct energy 
^sts to a particular consumer are minimized, and 
"the increaspd indirect environmental ^nd social costs, 
"ire either spread over the whole society, or worse, 
Pfdd for Uy differe^nt element -of the public. The 
oAer approach, tp^r^the left of the CUrve^ is, when 
society decide to reduce envhronmelital degradation 
'still furtWn It seems' reasonable that* society's ichoice 
would-be to the left of the miiiimurti cost as^ long, as 
society believes that the marginal benefit exceeds or 
equals the marginal cost. \, 

While the <?urves sliown in- Figure II-3 are 
illustrative only, they represent the technology/ 
environment tradfe-off reja^ionship. The responsibil- 
ity of energy RD&D is to change the shape bf the 
trdde-off curve over time to aflEprd the public«^reater 
environmental protection for th^^ame^cost ^^r equal 
protection at less cost. A nuniber^.pf Fedefiil ^agen- 
cies, including ERDA, have been ajg^ed iresppnsi- 
bility to pursue RD&D to accdmpjigh tliis^resylt. 

Addressing the; energy /environment trade-off 
from the social rather than RD&D vie^vpoint, a 
relationship can also be established among- the level, 
of energy production, direct energy costs, and indi- 
rect environmental costs. In brief, if either the direct * 
energy costs or indirect environmental costs becoitie 
too great, society can either . invest in new technolo- > 
gies and/or resource bases with lower penalties or 
settle^ for a lower levfel of energy production. ^ 

This analysis highlights a real responsibility to 
identify available energy alternatives and to improve 
knowledge of their ehvironmental implications. Ex- 
tensive research must be conducted if the public iS 
to be informed of the true nature of trade-offs and 
the implications of the various choices. This* ap- 
proach is expected to be one way in which environ- 
mental perspective^ can be introduced into the 
ERDA decision-making^ process. Insights deriVted 
therefrom can affect ERDA's view of priorities in 
both technology development and, environmental re- 
search, t » 

Strategic Elemei^ts of Envir'orimental Policy 

The overriding challenge to energy RD&D is 
Wks to establish, a spectrum of technology options 
capable of significahtly reducing the social costs of 
energy production while ^providing economically 
attractive benefits ifor energy suppliers, and con- 
sumers. To meet this challenge, the environmental 
RD&D strategy developed must cpntain the follow- 
ing elements: — 



• Early identification and characterization of the 
environmental issues and public concerns assod- 
ated with the commercial operation) of ener^ 
systems ^ 

• Establishment of standards of environmental per- 
formance for each technology concept to spur 
innovations aimed at reducing the severity of 
environmental impacts* and the cost of their 
control ' " . ■ 

• Continuous int^action with the public, private 
organizations, and other governmental agencies 
to ensure 'current awareness of puBlic concerns 
regarding^ergy developments and environmental . 
RD&D, as well as wide dissemination of informa- 
tion on environmental problems and progress. 

^ Within ERDA, the foll9wlng operational philos-. 
'^ophj guides environmentalj4to&D: 

'^vironmental performance is considered jSrinte- 
gral part of energy technology p^i|ormance and is 
' ^iassigned competitive priority within ^each technol- 
ogy prograyp-J.nvimnnipnffli actjvjttfis thereby 

command sufficient resources to achieve major 
program milestones. 

• Protection of the health and saf<fiy of woig|fers and 
the general public from ^te|^|[aUy adverse impacts 

-'^y,-- of energy is a basic performlfi^ standard for all 

Energy technologies. ^ ^ 

^ ^ In conformance with the spirit of the Natiohal 
Environmental Policy *Act,* detailed environ- 
mental planning focused on key decision fk)ints 
constitutes an "Essential part of every program 
- 'plan. An agency-wide environmental and safety 
overview function assesses changes in Tesource 
priorities, scheduling, and environmental perfonn- 
ance goals. 

• Public involvement f^irograms and environmental 
RD&D coordination activities at both the agency 
and the technical program level are conducte4 to 
ensure that: (1) technical' and policy decision- 
makers are fully informed about related external 
activities, perceptions, and problem^ -(2) environ- 
mental activities are coordinated effectively, and 
(3) all outside groups gain a realistic view of 
ERDA's and the Nation's environmental progress 
and problems related to energy-. 

It wjll take some time before the environmental 
RD&D strategy is fully implemented either nationally. 
oi within "ERDA for all near-, mid-, dnd long-term 
technologies.' First priority must be ' i^signed to 
achieving market {penetration of near-term technol- 
ogies, as discussed in ChapterllL In recognition that 
decisions concerning the benefits and risKs Of thb 
immediate energy future must be made soon, en- 
vironmental activities in ERDA ahd throughout the 
Federal RD&D establishment reflect this near-term 
emphasis. Chq>ter III include a discussion of the 



♦ Public Law 91-190. 
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major health and environi^ental problems affecting 
market penetration of near-term technologies arid 
the approaches the Federal RP&D establishment is 

• pursuing to resolve those problems. * 

Since knowledge ct the identity, character, And 
methods for mitigating|near-term environmental risks 
fa^ from complete, RD&D planning mu^t place 
heavy emphasis on the rapid acquisition of environ- 

. mental information and innovation in the near-term. 
The planning process, however, cannot neglect mid- 
and long-term environmental problems. Environ- 
mental planning and implementation must therefore 



ensure support for long-term environmental RD&D 
in the face of pressures to turn full attention to near- 
term demands. 

To ensure that appropriate environmental 
RD&D priorities are maintained and that ERDA 
resources are allocated to produce environmentally 
acceptable energy technology options over the long-* 
term, a formal environmental planning process is 
being structured within' ERDA. Chapter V includ^ a 
description of this ERDA environmental planning 
process. ^ ^ ' r 



A, 



Chapter III— The Plan and The Federal 
r Energy RD&D Program For FY 1977 



Laying out the fundamentals of the Plan, as was 
done in the preceding chapter, in terms of the objec- 
tives and goals to be attained and the programmatic 
priorities for action is the first step in building the 
National Plan for Energy RD&D. To be complete, 
however, a planpced^ to indicate how the objectives 
it has set are (doe achieved — i.e., ho^Y res6urces are 
to be deployed, how problem area^ are to be ad- 
dressed, and how responsibilities are to be assigned. 

As indicated earlier, the private sector must pl£^ 
the predominant role in m^ket penetration of new 
^q^rgy technologies. The energy situation is thus 
completely unlike the Manhattan Project or the 
Apollo Program in that in those cases, .virtually all 
activities were undertaken or directed by the Federal 
Government. 

This chapter, therefore, focuses on the narrower 
set of activities that the Federal Government can 



appropriately undertake, within bur Nation's free 
e;nterpnse system, to carry forward its portion of the 
total national effort. Accordingly, this chapter covers: 

(1) the budgetary decisions made by the Federal Gov- 
ernment to support specific energy technologies; and 

(2) . the overall programmatic approaches to be 
adopted for each of those technolo^es. The two subr 
sequent chapters deal with the institutional mecha- 
nisms and decision-makinglr processes that appear 
central \o carrying out the Plan. 

The FY 1977 Budget 

The ERDA National Energy RD&D Plan served 
as an important input to the developnient of the 
President's amended 1976 and }977 budget requests 
for energy Rp&D funding. • ' 



Table lll-l PrMidehfs National Enargy Progr||m FY 1977 Budgtt 

(Outtayt In mllllont dollar*) 





$ 


% 


$ 


% it 


V^accofit 
Chanco 


Program ActhrlUos ^ "^v^^ 












Domottk entrgy rmourc* dovalopmaifilir ' ^ \ 
contonntion and pctrotoum storage (e,g,, FEA, \ 
Energy Independence Authority, TVA & power \ 
administration, uranium enrichment)* J 


5,516 


69o/o 


7^99 


70%- 


+32% 


pnofgy resoarch, development and liemonstration 

(e.g., ERDA/ Interior, NRC, et al) ^ 


'2,231 


28% 


2,905 


' 28% 


+30% 


Reguiation (REA, FPC, MESA, NRC)* * ^ 


234 


3% 


244 


2% 


+ 4% 


Total outlays 


7,981 


100% 


10,408 




' +30% 


Less: Receipts (TVA, NPR, uranium enrichment)* 


-3,385 




-4,355 . 




. +2d% 


Net outlays « . 


4,596 




6,053 




+32% 


■ • " 

t Funds for FY 76 Trantition Quortor or* not incfudod< 

* Batod on: "Sovonty lttuoft--F local Yoar 1977 Budgot/' p^B 


[ 
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Table lil lA Federal Energy R&D (DoHars in miUkms) 

. ' FY 75 . FY 77 



BA ^ ' BO BA . / ^ BO BA BO 



Direct Energy R&D >S 

,ERDA • $1,317.0 $1,011.0 $1,657.0 $1,427.6 $2,435.0 $2,009.0 

DOI 89.9 54.2 104.0 93.3 98.3 ©6.3/ 

EPA / 80.8 18.2 56.8 76.6 55.4 76.6 

NRC V , 58.9 51.7 87.5 76.9 ' 104.0 , 98-2 

NASA 0.8 0.8 1.7 1.0 -0- 0;8 

Subtotal 1,547.4 1,135.9 1,^07.0 1,674.8 2,692.7 2,280.9 
Supporting R&D 

ERDA 362.0 313.0 403.0 373.0 430.0 404.0 

DOI 33.2 30.9 59.0 56.7 66.8 65.2 

EPA 53.2 5.0 ' 43.2 ' 43.4 41.6 43.4 

NRC 2.3 2.1 9.6 9.1 « 5.3 . 5.0 

NSF . 103.^ 65.9 114.6 74.2 123^1 106.9 

Subtotal 553.9 416.9 629.4 556.4 667.1 624.5 
Total Federal 

Energy R&D $2,101.3 $1,552.8 , $2,536.4 $2,231.2 $3,359.8 $2,905.4 



* Funds for FY 76 Transition Quarter ara not included. 



INCREASES FOR ENERGY R. D&D PROGRAMS 




PERCENT INCREASE 10 20 30 40 ' ^50 60 ' 70 80 90 100 

OVtfi 1976 



Figure lll-l Energy Research and Development Administration FY 1977 Budget 
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Tabto III-2 Ftdml En«rvy ^^D BiKlg«t Bcclutiw of ERDA 
(Authority in miiliont) 



Enofvy ROAD Programs 

Nuclear Fual Cycle 
and Safeguards 
Conservation 
G^pthermat 

Fusion f • 
Fission 
Solar - 
Fossil ; 
" Inviipnmental 
Control Tech. 

•Subtotal' 

Supporting Research 

Basic Energy V 

Sciences' . 
Environmental 

Research 

Subtotal 

Total Non ERDAv 
Energy RD&D 



FY 75 


FY 76* 


FY 77 


e.6 

4.1 
10.9 
-0- 
57.6 

0>8 
69.6 


14.4 

^ 5.7 
,12.2 

78.7 
1.7 
$0.0 


26.0 
1.2 
5.9 

y^85.0 


80.8 


57.S 




230.4 

'* 


250.0 


257.7 
• 


84.6 


95.8 . 


. 163.6 


407.3 


130.6 


■133.5 


I9J.9 


226.4 


237.1 


422.3 


476.4 


494.8 



Table' III-4 ERDA Eneigy Retatml^Budget FY 75-76-77 
CAuthority In. mlUions) 

/ FY7Sto 

. FY 77 ^ 

pwrcwit 

. ^ ' ' ■ inf7s .FY76t pry/ disng>» 

Energy RMD Programs 

Nticlear Fuel Cyde 
^ an^ Safeguards 
Conservation 
Qeottiermal . , 
Fusion 
Fission 

Solar ' i ' . 

Fossil ^ \.\[: 

Environmental / 

ContrblTech.vL 

Subtotal 



118 
36 
28 
183 
.567 
I 42 
s335 



173 
75 
31 
.2150 
602 
115 
398 




101 

12?J\ 60 
100«« 223 



392 
923 
160 
477 



^7 
37 
39 
20 





13 


16 


23 


'$1,-317. 


$1,657 

« 


$2,435 

r 




191 


' 210 


227 


8 


171 


193 


203 


5 


362 


403 


430 




$1,679 


$2,060 


$2365 





^ 76 dollars do not ihclud* traniKion quarter. 



Supporting Research 

Basic Energy 

Sciences 
Environmental ^ 

Reiterch 

Subtotal 

Total ERDA 
Energy RO&D 

I 76 dollars do not includa traraltlon quartir. • 
* Parcantaao changa caK:ulatod prior to rounding authority. ^ 
' ** IncludM $50 Million Qaotharmal Loan QuarantM Program. 



Table Ilh3 'Federal Einvgy RU) budget ExclushM of ERDA 
* ^ (Odttoys in millions) 



rY75. 



FY76t 



rf 77 



Direct Energy R&D*^ 

Nuclear Fuel Cyple* 

and Safeguards 6.3 13.7 . ' ; 23.9 

Conservation 1.3 7.0 ' 1.9 

Qeothermal " 10.7 lO.k. * 5.8 

Fusion -0- -0- -0- 

Flsslon ; 50.^ 68.7 80.2 

Solar 0.8 i;0 0^ 

Fossil 37.0 70.2 « 82.2 
EnvlronmeMel 

Control Tech. 18.2 77.1 77.1 



Subftotal 


124.9 


247.8 ; 


271.9 


Supporting Research 




• % 




Basic Energy 
Sciences 

Environmental 
Research 


55.5 ^ 
48.4 


^ 9 

62.8 
^120.6 


89.7 
130.8 


Subtotal 


103.9 


183.4 


220.5 


Total Non-ERDA 
^Energy RD&D 


228.8 


431.2 


492.4 



t Funda for PY 76 Traniltlofiat Quartar ars not Ineludtd. 

• ^ ' : — 



Table lll-S ERDA ^dofgy RAD Budget 
(Outlays In millions) 



PY 7S te 

PY J977 



PY7S PYTSt . PY77 



Direct tnofgy RW ; 

Nuclear Fuel Cy^e 

and gafeguirdt' ■ 
CoaMrvatfon 
Qeothermal 
Fusion 
Fissidh 
Solar 

-Fossil < 
Environmental'-' V 
Control Tech: 

Subtotal 

Supporting Research 

Basle Energy 

Sciences 
l^nvlronmental 

Research 

Subtotal 

Total ENDA 
Energy flD4D 













$ 163 


$ 282 


73 


21 


55 


91 


64 


21 


32 


50 


57 


' 151 


224 


304 


36 


538 


522 


; 709 


36 


* 15 


86 


116 


35 


138 


333 




33 


7 


' 12 


16 


2# 


$1,011 


$1>427 


$2,009 




$ 165; 


$ 188 


$^208 


9 


148 


188 


199 


,7 


f 313 


$878 


$ 404 





$1,324 $1,800 



t funds lor FY 76 Transition Quarter are net 
• Pareontago etianga oaleulaM prlef ta rsuitdlng 
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In FY 1977, as compared WMi FY 1976, Fe* 
eral outlays for ail energy activities combined have 
increased about 30 percent to a net level of $6 billion/ 
Similarly, the energy RD&D portion of this total has 
also increased over 30 percent, to a level of over $2.9 
biOion. Table III-l and III-IA summarize this infor- 
mation as adap]y^45pm the January 21, 1976 docu- 
ment, Sei|enj^4^^)El^| Year 1977 Budget, pre- 
pared jbV the Oifficc; of -^ana^^ and Budget. 
Tabl^:ni-2 and Ill-^a^'a breakdown of the energy 
RD<S^ portion ' of thif Federal energy budget by 
ageniJy, Table iri-^clhd III-5 and Figure IIH are a 
breakdpv^Oi-of vthe ERDA energy RD&D budget by 
technology iatea, showing percentage changes for 
FY 1977 of selected major programs. ^ 

Althodgh th^ year-to-year percentage change^ 
reflect prigram 'priority, they also reflect program 
status. Thus- a new program, such as Conservation, 
may receive a lower' absolute level of funding, but a , 
level significantly higher than the preceding year or 
years. On the other hand, older programs may re- 
quire very expensive technology and large demon- 

/ stration plants, which entail large, absolute expendi- 
tures biit not necessarily a level of expenditure 
significantly higher than the ])receding year. Budget 
decisions are designed also to encourage cost-sharing 

• with private industry (e.g., coal liquefaction demon- 
sti-ationX^d to jivoid undertaking shorter term 
RD&D that is inbre appropriately the responsibility 

J of the private sector (e.g., in areas of conservation 
^ technology). The extent to wfiich the current budget 
has been successful in sharing the cost of programs 
with non-Federal organizations is shown in quantita- 
tive form in Table III-6. Specifically, of the total ex- 
pected costs over $5 billion for ERDA cost-shared 

programs, non-Federal ofganizations are prepared to 
bear about ,30 percent of the funding burden. This 
Jfundin^ will facHitate a broad range of activities, in- 
;Cltiding^ detnbhstration of a fissioa power breeder 
reactor', Electric energy systemls,- solar heating and 



Tabia 111-^— ERDA Cott-Sharad Program Araatf 
with^Non-radaral Organizationsl 

(in $ millions) 



Non. 

CMOA FMlaral 



* Invatt- 
mant 



tfOM 



ToMll* 1967 
Qeothermal»* 7 
.Conservation 94 
Fusion (Only Laser) 15 
FIstlpn*** . 1967 

. Totil >" 3780 -* 



1257 
5 

11? 

33 
283 

1694 



— i not Includa damonttration plantt 
** Funding of mott plantt yat tp ba datarmlnad 
^1** Primarily CHnch RIvarBraadar Raactor 





Non. 




Fadaral 


Total 


Cott at 


Cstlmafad 


Parcant 


CottrrCC) Q 


of TEC 


3224 


39 


12 


42 


210 


55 


48 


69 


1981 


14 


5475 * 


31 



cooling of buildings, conservation techniques in op- 
erating commercial restaurants, and coal liquefaction. 

The major thrusts of ERDA's Energy RD&D 
budget for FY 1977, discusse<JJn the order of pro- 
gram priority ranking laid out in Chapter II, can be 
summarised a^ follows: ' 
-Conservation ret:eived a substantial funding in- 
crease from FY 1976 amounting to 64 percent 
^ Conservation together with gradual deregulation 
of oil prices was an important element of the 
Energy Policy and Conservation Act. This fund- 
ing supports a greatly expanded program 'to im- 
prove technology and encourage conservation of 
energy in buildings, industry and trafi$partation. * 
—Light Water Reactor Fuel Cycle.funding Vas in- 
creased by 73 percent from thj!^' previous )f^ar to 
assist the private sector in "closirlK^thVfueljy^ck 
i.e., reprocessing and refabrication of nuclear 
fuel; developing acceptable technical And environ- 
mental approaches for the long-term storage of 
commercial reactor wastes; ^d insuring safe- 
guards of nuclear materials. ^ 
* — Coal Direcil Utiiization program funding was in-, 
creased from past levels to support the continuing 
' program and to permit construction of additional 

demonstration plants. ^ 
i|-^Enhanced Oil and Gas Recovery prograrh finding 
p . provides for continuation of ofigbinj^- pfg^grams 
v^nd additional field demonstrations' jfvpdrttiei^ 

with industry. . V' -'V' . 

— Synthetic Fuels program fui^dih^ Vill i?Q r^ques^ 
in a supplemental FY 1976>bujdigct*jFC^^ 
provide financial incentives to"develop"¥syndietic'' 
.fuels industry. ^ ^i-^-.^ 

—Essentially Inexhaustibie ' Enei^ Technologies, 
i.e., brc^eder reactor, fusion, and solar electric — 
all had their funding increased upwards of 30 
percent reflecting the critical long-term need for 
these programs. 

As can be seen,- the ERDA FY 1977 Energy 
RD&D budget reflects the major objectives Set forth 
in the President's 1976 Energy Message; the national 
priorities in the Nati^I Plan for Energy RD&D; 
the applic£^t1on of critAHi for determining the appro- 
priate Federal role as set forth in Chapter II; and 
the principles set forth directly abov^ to arrive at 
appropriate budget levels for th6 Federal Program. 

The overall Federal budget strategy is best cap- 
tured by quoting selected portions relating to energy 
RD&D directly from the OMB document Seventy 
Issuen; o - 

"The Nation hB undeveloped reserves of coal, 
oil, gas and. uranium. There are also many oppor- 
tunities to conserve energy.. A solution to the depen- 
dence problem can be acKfeved with a longer term 
effort directed toward increasing domestic energy 
supplies and achieving greater conservation. The 
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President*^ national energy program is a compre- 
hensive approach designed to achieve a capability 
for energy independence by 1985. The program in- 
9ludes both short-term and longer term initiatives but . 
pladds basic reliance on the private sector to carry, 
out expanded domestic energy supply production and 
conservation, and by developing a strategic storage 
petroleum system that will, be capable of easing the 
impact of any embargo. % 

"The 1977 budget outlay estimates reflect the . 
President's strong emphasis on doiwstic energy pro- 
duction, conservation and petroleum storage pro- 
grams and massive R&D efforts to develop new en- 
ergy technolo^es. 

Domestic Energy Resource Development^ 
Conservation and Storage 

"Development and conservation of energy re- 
sources are essential to achieving greater inde- 
pendence from foreign petroleum supplies. These 
>^'programs encourage the development of oil, gas, 
coal and uilinium reserves, energy production, stra- 
tegic petroleum storage^ and more energy efficient 
process. Highlights contained in the FY 1977 budget 
include: 

• ^Tnergy Resource Development, Prpdnction, Con- 
5 servation 

— ^^%nei^ Independence Authority— Proposed 
establishment of an Enefc Independence 
Authority with $100 billion il^quity^ and fund- 
ing auth0rity to proyide assistance (mainly 
loans and loan guaranteesVio the private sector 
to encourage the development of energy projects 
using 'Conventional teehnof^gy (e.g., fossil and 
' nuclear powe^ plants) k(id emerging technol- 
ogies (coal to gas plants, oHsQhale to oil). The 
Authority will aI;so work to shorten the time 
required for energy projects to obtain clears 
ances and |pehnits from Federal regulatory 

agencies.: K-i' ■ 

* / ♦ ♦ ' • . "V:.;. 

— ^Unuiiam flnifchment — Uraniiuh epnchment(is 
one of the processes required to '0Oji vert; Ut^ini 
ore into usable fuel for nuclear power pl^rt^^^ 
At the present time, thjs activity is^ (S9aied~^ 
in three Government-owned productfc^: f^ciL'-. 
ities originally built for defense purposes. ' 
— "In order to relieve the taxpayer of the financial 
burden of funding the construction of adcH- 
tional uranium enrichment facilities and to as- 
sure the availability of fuel for nuclear power 
plants, the President has proposed legislation 
required to foster the creation of a private com- 
petitive uranium enrichment industry in the U.S. 
. — "To produce a large enough stockpile to meet 
* potential future needs, the FY 1977 budget will 
provide a substantial increase for (a) the pro- 
duction of enriched uranium and (b) the con- 



tinuation of the previously approved expansion 
of the capacity of the current ERDA plaints. 
However, the Administration believes that 
future expansion of enrichment capacity should 
be financed by the private sector with neccssaq^ 
Government cooperation aiid temporary assur- 
ance under the proposed Nuclear Fuel Assur- 
ance Act. 

* * ♦ ♦ • 

-"Eneiigy Conservatlon-^Conservation proposals 
to: provide $55 million in financial assistance to 
low-income homeowners for insulation, -estab- . 
lish thermal efficiency standards for new resi- 
dential and commercial buildings, encourage 
appliance manufacturers to improve energy cffi- 
dency and to label appliances^ and encourage 
auto manufacturers to increascofuel economy. 
The Energy Policy & Conservation Act makes , 
the appliance labeling and auto fuel economy 
standards mandatory. :* •■ 

-^neiigy/Enyironn|«BC — Amen<to,en^ < ta the* 
Qean Air AcV to pr^de a to^l^d Bali^ be- 
tween environmental aoiid; energy ^pal^ 

-**Energy Tast . tipcidl^^ 
to encourage. tli6 deve^^vnt and^production 
of energy and miniftriflh^^c^^ 
and develo|^ient expenses (mostly for oil and 
gas) may be treated as current costs rather than 
as capital investments, which are depreciated 
over a number of years. This provision is ex- 
pected to .{)rovide a $1 billion incentive to 
dcyelbpl^^ energy resources in W7f. Another tax 
provision, allows the use of percentage deple- 
tion rather than actual cost depletion. Although 
stta^ljf curtailed for oil and gas in 1975 le^s- 
lation, it i& still expected to offer a $1.6 billion, 
ti|X incentive for mineral production in 1977^ 
with most of that amount for fossil fuel produc- 
tion. The Administration has proposed a pack- 
age of tax aids for electric utilities that will 
especially help generating facilities not using 
oil or gas as fuels. It is estimated to provide 
$0.8 billion of tax relief in 1977.- 



Energy Rosearch, Development and Demonstration 

; " • /The Energy Research and Developt^ent Ad- 
miiiistration, proposed by thc^ Administration, was 
established in January 1975 to be the major Federal 
agency for the conduct of energy research, ahd'idevel- 
opment. In FY 1977 ERDA will provide 8356 of 
the total Federal funding [outiaysl for energy R&D. 
It also provides a central Fecferal agency for the 
planning and coordination of Federally sponsored 
energy research and development. 

• "^eraU Eneity R&D Bndfd JSirategy 

— "Accelerate energy research and development 
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programs directed at achievhig greater iong- 
term energy independence. 
^**Expand efforts to assure the safety, reliabil- 
ity, and availability of commercial npclear 
po^yer plants by increasing R&D on the long- 
term storage of radioactive wastes, fuel re- 
processing, and safeguards against theft of 
nuclear materials. . 
— ^*Tiace greatest funding on technologies with 
the highest potential payoff jn terms of re^- 
coverable resources (i.e., nuclear and fossil). 
— "Continue to. expand fce investigation of 
pther techhf^gi^ where, they can make sig- 
nificant coiiiributions to meeting the long- 
term energy requirements of the U.S, ilt^ 
solar, geothermal^ and conservation R&D)m 
— "Encourage cost-sharing with private industry 
X^'g * coal liquefaction demonstrations) and 
avoid undertaking shorter term R&D more 
appropriately tfie responsibility of the private 
sector (e.g., in areas of conservation technology).^ 
— "Support the commercial demonstration of syn- 
\. V vthetic fuel production from coal, oil shale, and 
• ' V otfacir domestic resources foy providing' loan 
■'a ; ..j guaratitees^. during FY 1976. (upon enactment 
: I . of thct Eh^rgJ Ijndependence \A41thority legisla- 
. tioh' in" KV: 1977, traosfer these proiej:ts to 

^' ^^BiiUiia&^tweeii nuclear and non-nuclear en- 
> ejFgy l^^^ table of direct ERDA spend- 

:v: -tng* indicates onore effort on nuclear than non- 
; jiuclear energy\ R&D. However, direct ERDA 
. spending is not\ true measure of the total na- 
. . , tional effort on nbp-nuclear energy R&D and 
greatly understates the effort being made to 
/. develop and commercialize noil-nuclear energy 

technologies. 
A-^: — ^"Although specific data is not av^lable, pri- 
: \vate industry is known to be spending much- 
v.-X' more on non-nuclear energy R&D than on 
nuclear energy R&D (which has higher tech- 
' nical and regulatory uncertainties). 

*^ — "The Administ^tion plans to support legis- 
lation which is expected to provide about $6 
billion of loan guarantees in FY 1976-1978 ^ 
to enable industry to construct facilities for 
producing synthetic fuels. 
— "About $50 million per year will also be 
provided for loan guarantees for geothe^al 
production projects. |I 
— -dossil energy developnieqt — Accelerate^ the 
development and demonstration of technology 
to (a) enable plentiful domestic coal resources 
to be substituted for increasingly scarce sup* 
plies of oil and natural g^s; (b) increase the 
efficiency of the use of fossil fuels through 



advanced power conversion systems; and (c) 
incxease the recovery of oil aud natural gas 
froW fields in the U.S. 
— ^^lar energy develcqpinent — ^Increase the de- 
velopment and demonstration of solar energy 
applications, including; 226 [awards involving 
325 to 480] units to demonstrate tolar . heating 
and cooling in^ residential and commercial 
buildings and acceleration of technology for the* 
conversion of solar energy to electricity. 
— ^eothemial energy development Expand 
R&D required for the utilization of U.S. geo- 
thermal resources including improving the* cap- 
abili^fpr 'defining the extent and ^availability 
of simi^ l^esources, developing advanced engi-^ 
neeping techniques and building pilot plants: 
Provide $50 million in FY 1977 for loan guar- 
, antees to enable industry to proceed with geo- 
/ thermal production projects! which would other- 
/ wise not undertaken because' of current 

technical and economic u^(tj:tjpBities. 
— ^Conservation R&D— Ptdyide / an expanded 
prwrami to improve teohjnoibg)^and encoiirage 
conservation of energy^ ^ ^biilldings, industry, 
and transpoiUtion. . 

• Unclear Eneig^ R&D 

— ^'Tusion— Continue research to determine the 
' scientific feasibility of obtaining virtually un- 
liifiited power for the long-term (beyond « the 
yeai' 2000) from the cohtrollpd thermonuclear 
fusion reaction. In FY 1977 continue construc- 
tion on the $215 millibn' Tbkamak fusion 
Test Reactor at' Princeton, N.J., which will 
. represent a major milestone. 
— ^^Fuel Cyck and Safeguards — Improve the use 
.of current commercial nuclear reactors. 
— ^Tommerdal waste management — Greatly 
accelerate the conduct of R&D to provide 
the technology for the terminal storage of 
radioactive wastes from commercial power 
plants by demonstrating this technology at 
several sites. 
—Unclear fuel reprocessing — ^Assist industry 
by conducting R&D on the technology for 
* reprocessing and reusing spent nuclear fuel 
discharged from conunercial nuqlear power 
plants. ^ 
—**S9^/g$9im — Demonstrate techniques for 
safeguarding nuclear materials against theft. 
— ^^raninm enrichment R&D— : Develop and 
demonstrate improved techniques for uranium 
entichment which offer the promise of more 
efficient production and cheaper electricity for 
consumers. . 

• ""Other Direct Eneiinr RAD 

— ^^'Significantly increase outlays tor the Nuclear 
Regulatory Commission's safety research pro- 
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gram and the Department of Interior's mining 
R&D program. 
^••Reduce outlays for the : Environmental Pro- 
tection Administrations development of en- 
vironmental control technoloa^ because of the 
completion of portions of major contracts and 
the increasing Tesponsibility of other agencies 
in this area. 
^^Sappoiting Energy R&D \ / 

"Continue the FY 1976 level of effort on pro- - 

grams to (a) determine the biomedical and 
environmeiltal effects of nuclear and non- 
nuclear energy sources t6 assure development 
of safe energy tkhnologies and (b) solve funda- 
mental scientific and engineering problems that 
constrain t|ie development of energy technolo- 
gies. 

• "nSynthetic Filels 

— "Support legislation to provide $2 billion in 
. loan guarantees for industi7 ($500 million of 
Budget Authority) during 1976 for the com-^ 
mercial demonstration of synthetic fuel pro- 
duction from coal, oil shale, and other domes- 
" tic resources. A total of $6 billion in loan 
guarantees is expepted to be necessary over the 
1976-1978 period in order to reach the 1985 
objectives of 350,000 barrels per d^y of syn- 
thetic fuel production capacity. ... 

• ^^ocle^nRegidatioii— Funding for the Nuclear 
Regulatory 'Commission will increase 15% be- 
cause o©^c iiffportant role NRC plays in ensur- 
ing th||t.iiuc1ear power continues to be a safe and 
envirofi^fiSially acceptable means of generating 
electricity. The United States needs additional 
nuclear j^yer plants in order to achieve more 
energy iiMpSndencc from foreign suppliers and fb 
pkbvijie consumers with cheaper electricity than 
tltemtitive* sources can provide. The additional* 
rcsourcefi^f* NI<C will help enable the U.S. to 

nefils <>f nuclear power by assuring 
|;aVWntion toV>lfie problems of safety, 
Qtal' eiffects, and safeguarding nuclear . 
KBWiagajih^t. theft. 
^ - , A^l^^t^^ei^i^^ legislative proposal to 
^ * ' stQeaBhlineT^tfcc : N procedures for licensing 
^: 1li^clcai»^-^ to reduce the amount of 

* ; "^e ^eqmi^d^tb pr]pc6ss applications while main- 
tflimig srfet/ s^i^^^^^^^ standards. 
jjtjjjSs^^ Domestic f 

V jjj ^^'^^^^^^ the Nation mpye promptly 
V t»: d|cVclop- dom?st^^^ assure that 

'.^liAxJed Suiiph^^^^^ the long run to 

: avoid^ grpwihg depindence on foreign energy sup-^ 
pIie*v rTh|f ;Natidb's /energy, situation continues to*^ 



Presidential Proposal for Energy 
Independence Authority ^ 

*To encourage needed domestic energy dey 
velopihent and conservation, the Presl^knt has 
proposed the establishment of a govemmenh^rpO- 
ration, the Energy Independence Authorifj^ (EIA) 
with $100 billion in financial .resources to help 
achieve greater energy independence. 

' "Specific types of projects which EIA could 
provide financial and regulatory assistance would 
he limited to commercialization of: 
— ^**Emerging energy technologies, such as syn- 
thetic fuels, not yet in widespread domestic 
commercial operation. - 
"Technologies es^ntial to . production of nu- 
clear power. , 

"Conventional or emerging technologies for 

production and transmission of electric power 
generated by sources other than oil and gas. 
— "Conventional energy technologies for the, pro- 
duction or transportation of entrgy that art of 
such size or scdpe that they would not other- 
wise be financed' by the private sector. 



1977 Budgtt 

ERDA Synthetic Fuels Commercial Demonstration Progrem 

($ millions) 

i976» im 

Authoftty OuUayAulhfHy Outtey 

Loan Guarantee Fund 500 — — ~ . , 
Adniinistrative Expenses 3 . ^ — ~ 

Total 503 : . 3 — : — ' 

•Th« loan guaranU* fund will cbv«r $2 >lllon <*iu»«^»f*i!H« tO^.|^; 
» initiate the 0rogr«m in 19/6. Thf.. gi|«r»ntM prtkram J{^IH b« Jt*- 
trantfarred to -the Energy lnd«pilf]*le«feil^^hority"m 1971 llpof^ ' 
itt ehectment. .v . . • . 



Need for the Program ^r^^^^ o. 

• "U.S. dependence on foreign «)urcesj^ 6tt^^;^ 
gas continues to grow >«ith Jt^!^^ 
having fallen in the last sewtii0T^^ 

• "Even using advanced oil ^.^'^W^ t«:h^^| 
niques, extensive production f^m the puV^ ^o*^* • 
tinental Shel^and Alaska, impllrovcd ^lifi^ 
servation, expansion of nucttar power faciUti^^ - 
and greater direct burning of coal, oil imports Will 
continue to rise substantially if synthetic *fuel pro- 
duction capacity is not available by the middle 
1990*s. Synthetic gas and liquid fuels' can be 
obtained from the processing of . coal, oil shale, 
biological waste, and other domestic resources 
not now being fully utilized. 

• "Initiating a synthetic fuels industry capable ot^ 



providjng about 5 million barrels/day of produc- 
tion capacity (i.e., about 100 major plants) by 
1995 will require early resolution of a number of 
uncertainties related to regulation, environment, 
financing, labor and transportation. The lead ti|ne 
to initiate such an industry requires the consttuc- 
tion and operation, over the'next 5 to 10 years, ipf- 
a variety of synthetic fuel pfajits to obtain the, - 
• needed data and information. 

The President's Proposal 

• "In his 1975 State-of-the-Union message, the 
President proposed the first important step toward 
the development of a synthetic fuels industry— a 
federally sponsored Synthetic Fuel Commercial 
Demonstration Program. An extensive interagency 
study concluded that the synthetic fuels' program 
should proceed in two phases, the first of which 
would involve the construction and operation of 
about 12-15 commercial-size plants and would 
result in total synthetic oil and gas production 
equivalent to 350,000 barrels per day of oil. The 
second phase might begin in 1978 or 1979 and f 
raise production to 1 million biirrels per dai^ but-^ 
this depends on the iteults of R&D efforts, addt- 
tionai information on invironmentaLinipacts, and 
the private sector's response to the first phase. 

• "Although a $6 billion program of loan guarantees 
to implement aspects of* the President's proposal 

"■ was passed by the Senate during the last session, it 
failed to pass the House of Representatives. 

Support for the Prograni in the 1977 Budget 

• "The President js again supporting immediate 
creation, in 1976, of a synthetic fuels commercial 
demonstration program in the Energy Research 
and Development Administration. This program 

' will be carried forward in ERDA until such time 
as the Energy Independence Authority is enacted 

t < aiid the program can be incorporated under that 
Authority: i 

;^ /As a fir^ step m iniplementing this program, 
: . thfr i977^udget provides for FY 1976 supple- 
;. • -menrall^indin^ of $503 millipn in budget* au- * 
•thori^y to cover $2 billion in loan guarantees 
for the remainder of 1976. ^ 
— '*Additional budget authority to cover the full 
$6 billion loan gtiarantee program for Syn- 
thetic Fuels, which the Administration sup- 
ported in 1975, is included in the 1977 Budget ' 
- under the Energy Independence Authority. 

Need for the Progranfi . ^ 

— *The U.S. needs more nuclear power. 

• "Although domestic coal supplies are extent 



FY 1977 Budget (ERDA) 
R&D To Improve Commercial Use of Nuclear Power 



Summary Table 
Research and DevelbpmW * 
. Programs 

\ -r-. ■ 



(Outlayi $ Million^ 



1976 



1977 



Chang* 

1976-1977 



:Nucleiir power plant safety* 60 89 
* Safeguarding nuclear 

materials " 15 27 

Nuclear fuel reuse 13 30 
Management of 

commercial wastes 12 63 

; Total Too 209 



490/0 

80^g' 
131% 

4g5o/o 
1C»%. 




♦ Most of theM funds are inotuded In the budget of the Nuclear 
Regulatory Commission (NRC). 



sive and 
limited 

spread use or coal withoiitTJrela^ung v.y«w*r^ 
mental standards will T^ir^ 'new, cteak , 
conversion technologies' (crg;, gaiificiaUQii: 6^^ 
liquefaction of coal) or those pSermittin^ direct 
use of coal (e.g., sulphur removal from ex- 
haust gases). 

• "Recovery of potentially significant solar and 
geothermal resources is cun:en%£lhnited by 
technological and economic uncertainties. 
Their economical use will require develop- 
ment of new or improved technologies. 

• "The U.S.'s most plentiful domestic resources 
are coal and nuclear. Neither one alone could ^ 
he sufficiently developed to meet all bur en- 
ergy needs over the next few decades due to 
limitation^ on required transportation and 

^'oiher supporting facilities and equipment 
manufacturing capacity. l3oth coal and nu- 
clear must be exploited to achieve energy 
independence from foreign suppliers. 

• "Furthermore, compared to ooal-fired power 
plants, the price for electricity generated by 

J nuclear power plants is significantly cheaper 
for the consumer in most parts of the country. 

-"But nuclear plants and their asspqiattitf stsy'iQ^^' 
facilities also have problems tfiat >]nust i^^ 
addressed . ' * ■ " " ' - i 

• "Nuclear plants must be carefullyvd^ijfii^^^^ 
cpr^tnicted, and opiated so ihitt none: oF'^^ 
radffoactive materials contaitied.^^tp ins 
thcjjjant can ever be released to lhc cnviron- 

>;4nent/. - 

• "An independent Government agency (the 
Nuclear Regulatory jPommissipn) regulates 
the safety of nuclear power plants at every 
stage. ' 

• -'Arecentreportby a group of safety experts 
has concluded that nuclear power plants are 
very safe (the chance of any member of .thev 
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public being killed in a nuclear plant related 
accident is one in S billion which is sliglitly 
less likely than the chance of being struck' by 
a meteor, AndVover 2000 times less likely 
than being struck by lightning). 
' • "The nuclear materials that serve as fuel for 
the j^wer plant must be protected against 
theft. « 

■; ft • • ^ 

•^**Nucle2^r''fuel discharged from power plants 
must be reused or recycled and radioactive 
waste material must be safely managed and 
disposed of." 

♦ . ♦ ♦ ♦ ♦ 

Chief Programmatic Thrusts 

Because Volume II of the Plkn is designed to 



k^istance in addressing key imcertainties and/op 
institutional obstacles. ' If (he Nation's overall 
efforts arc to n\esh effcctivelj^ ea(<i sdctpr, n to 
understand the cun'ent approach td j^^ 
technologies and the roles expectisd of each . 

• ilk sp^ifikr im)gramma^ 

or already under way to impleineiit ttie strategic 
approach. In some* arenas, current efforts are ex-/ 
tensijfe; in others, they are mininial.in the expec- 
tation that normal market forces will cause the 
implementation of the technologies; and, in still 
otKisrs, efforts are contingent on interim results, 
furtti^br analysis, ' or negotiations between ^the 
government and private firms. . 

In the discussion that follows, the seven hig^- 

* priority technologies becoming available in^^lie near- 
and mid-term a'Ser addressed before the Uiree^llpihs^r 



present programniaUc eftorts in considerable detail, : . term techn^ order of;,resentati^fe;g.^^^ 
the remalfij^ secUon of this chapter concentrates on"^ 1 .^CDn^rvAUon # 

those hiokd -i&jis critical to achievingN^nergy goals^ 
For mi^srot'jft^^^ programs^to be pur- 

sued ih\the; ni^^^ and mid-term, these*" critical arejis 



involve; fi).*^^ the market penetmtion of 

cnergyi^pjrfy OT conservation technologies in or 
enterihg'^oorrimercial status; and (2) ensuring the 
environmental acceptability of these technologies 
(including health, safety! social, and aestybtlp factors). ^ 
' For high-priority programs* in the longer tenn,.i.e^.,* 
chiefly those ior the essentially inexhaustible energy 
sources, the critical area is identifying and over- 
coming technical and environmental problems in the 
earlier research, development, and demonstration 
program phases. ^• 
.. In each of these two groups, the Plafi considers: 
• The critical problems of eacli tecimoiogy tfiat pie* 
vent maricet penetratioii and environmeiital accept- 
abOity for the oearTterm and technologiqg|^8ucc^ 
for the longer tem programs. The forn^^aspects^ 
of technology development tend t6*'be the* ones» 
that have received the least attoition in the past, 
are likely to ^sc the-gireati^sf^^rdles to be over- 
ppme, and wiU requfre:thft.pi^ cooramaUori'' 
- between ^thc govenimcnt lafl^*^^ private sector.' 
■ ConscqiiepUy, tl^ treat- 
• . ^ 2me&t in thi' fechnology discussions. ' ^ 
. • The strategic approach to be taken by the^govehn 
ment— within the context of the Plan—and the 
laiger/ complementary role the private, sectov b 
expected to play. Each*" technology requires aipro- 
gram designed to meet its partlcul^ developmenl 
needs. As discussed in Chapter I, a governritent^ Xi.i 



2. Light water reactors 

3. Enhanced oil and gas recovery 

4. Direct coal utilization 

5. - Synthetic fuels : ; * ;> 

6. Geothennal / 'i i • 
• 7. Solar heatinf and cooling 

8. Breedet^caTctors. 

,9. Fusion^? \ ' ^ 

■ r ib. Solair electric ' - ^ ^ 

Additional detail on these and other Federal 
Technology efforts is presented in Volume II of this 
Plan being published separately. v. 



role ts justified under selected condinpi 
when a low or uncertain leve;^ of private rel 
investment' bars private 'actwn * even tho' 
cant social (public) benefits 
where the rate of implei ^ 
sector wouldr desirably 



Conservation Technplc^ies * 

In the aggregate, conservation technologies— 
' lose pennitt^g ^ijBkor^^fiicient iisebf^energy 
coixtribute ^b$tantiiEilly]to balancing ihe^do- 
energy supply and'.demand. ERDA-48 csti- 
that full implementation of more efficient 
3logies would permit ^^pntiniied . economic 
without increased icvebjjf imports thrpugh 
the year 2000, ;uch i^clblbgies would 
consumption td bc x5 percent 
be without their adoption - (Sccr^ 
Moreover, many o& uese. 
e a "^i^re immediate — i«e., 
than those discussed laten 
recognized tl^t conservation 
lentlid sdter- 

H iiylU ^^ save a 

mor^ eiiergy efficient home 
llevelop ia' hew barrel of' sup- 
suggested by {he conserva- 
8 (see Appendix B), which 
inergy needs could be met at 
ig improved efficiencies in 
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end-use. Although these scenarios were not able to 
' reflect the co3ts*of modifying end-use installatioi^f. 
the large differlince in total costs among scena|los 
indicated that ample financial margin exists to cover 
these additional costs and still provide a Iq^-cost 
.solution. Moreover, the barrel saved will malce more 
of the finite resource available for future a«eds. 

Finally, Uies? technologies general]^ will help 
meet energy^ jieed$,witi^^ least adverse impact on 
the environi^imt. Speclncally, as conservation actions 
r^uce energy consumption levels, pbllutant^missions 
aiid disruptions^ will be d&rease4 because of reduced 
energy extraction and trdnsportalion activity, reduced 
, foskil-fuel coipbustion, and^the lessened need for 
disjposal of waste -heat and other materials. In addi- 
tion, reduced energy consumption will extend the 

; availabilityrof fossil enej-gy resources and allow time 
t tp develop technologies that -use" inexhaustible en- 
ergy, sources (e.g., solar, fusion; breeder reactors). 

The advantages of conservation tecl?nologies 
are fexjyessed generally above. The rate of a{)plica- 
tion a|id introduction of conservation technologies 
in specific instances will be determined by the com- 
parative economics and sociial acceptab^ity of the 
available ahematives. — , ^ 

. 'Many o4 these advantages were recbgfiized in 
the recent enactment;.of the Energy Policy and Con- 
servation Act. The. stated purpose of the Act is to 
"reduce domestic energy consumption through the 
operaltion of specific' voluntary and mandatory con- 
servation programs." » 

^- vv TJie key- conservation technologies under con- " 
sideration differ significantly from supply technolo- 
gies discussed later in {his Chapte Specifically, their 
f^mMBjr, their diversity^ and the relatively small 
'^jKgy contribution of lahy^png preclude a single ap- 
proacM; rather, a * broadly conceived* strategy is 
needed. The nature of thi conservation technologies .: 
ready for market penetration, the problems to be- 
surmounted to gain adoption, and tiip broad-based 
strategy for facilitating their penetration Of the. jnar- 
ket follow. 

The Opportunities ' 

The Nation has ^ manifold oppo^tun^es for 
greater efficiency in the use of energy: Many are 
sufiiciently developed to permit dieir rapid market 
penetration. They fall intb four groups: 
/I. IndiutiyvCOiiservation. The industrial sector cur-- 
, rehtiy consumes 40 percent of the Nation*s en- 
ergy. Reduction of this level of energy Qonsump- 
tion will require a systematic evaluation of the 
industrial processes involved and a determination 
of those" processes in which increases in thermo-. 
dynamic efficiency^ can be achieved. Industry has 
made substantial 'progress in this regard, but 
^ more remains to /be done. :A host of more effi* 



9 cient technologies— some^ specific to individual 
industries and others applicable to many indus- 
tries—is known. Many of these promise efficiency 
improvements, of more than 30 percent. By 
implemenUng the successful' results of^ RD&D, 
projected industrial energy consumption can 'be 
decreased by up to 17 percent per imit of putput 
(equivalent to 1.8 to 2.7- million aggregate bar- 
rels of petroleum equivalents per day (BPDE) 
by 1985). 

Some of these more.efficieht technologies: 
Y — Intermediate tenTpcrature heat pumps to mini* 

mize primary lud^consumption 
— ^Brayton cycle tiirbine generators • to produce 

electricity from the thermal discharge of furr 

naces (e.g., aluminum smelter or glass kiln) 
-^Heat transferAhermal storage techniques to 

cascade energy flow within process iddustries 
— ^High temperature insulation/refractories 
' — ^W4ste; heat recuperators and regenerators. 
2. Bnadiiogs; ' coi^ CommerQial establish- 

ments '^hd' residential housing; ; .v^ch consume 
29 percdnt of all energy in the U.S., present a 
number of opportunities to improve energy effi- 
ciency. Full understanding of these opportunities 
• requires a systema^ eviduation of essential fac- 
tors associated with meeting i community energy .' 
needs. Three areas seem to holdjarge promise. 
First, a number of specific technologies exist— r 
notably in insulation, shell design and heating, 
y ventilating, and air condidoning— that need to 
be integrat^ed and may require innovative mar- 
keting by industry to motivate consuniers to ac- 
cept and install them. Stecond, wasite energy can ' 
be \ised more effectively' in community systems. 
Third, soiqe ^ew technologies, such a^. the* 
Annual Cycle Energy System,* appear promising 
but require further testing and/or development 

Iftiplementation of the resylts of th^ RPftllb - 
efforts could save 2.0 to ISi^^n^BfD^ 
the yeijc" 1^85. "' ' " ' ^ 

(. Thussportation enei^gy eonaiirihrili^ trans^- 
j>ortation sector, which cdnsumes 31 percent of 
total^U.S. energy, can reduce its petroleum con- 
sun^ption by using proven technologies and by - 
implementing well-stud^ ..operational changes, 
including: . ^ 

— Retrofitted aerbdfag reduction deyi|:e8 on 
- long-haul trucks ^ , 



* Aimiuil Cycle Energy SyiteflM (ACES) for »i"«M«if, A 

system potentially applioible to th^ reii4ential and tmidl 
' commercial buildings market Tor space hcatinf in winter 
and- cooling in summer. Prdperly^sized water storage tanks 
are incorporated in new building detignt, inducting use ai 
heat pumps. Heat is extracted from storage ^water in the ^ 
wintef; ice or chiU.ed water in storage it used to cod in 
siumner. ~ ; 
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—Reduced * horsepower losses on accessory 

drive for autos and trucks 
— ^Use of drag reduction devioes between freight 

cars on trains «* 
— rNew, energy--eflicient engines, for auto$. 

Tbe^e improvements are expected to achieve 
savings of about 0.5-0.7 million BPDE by ^ 
1985.** . , 

4. Electric enei^gy systems. The electric utility, sec- 
tor presently uses about 27 peipent*** of 'all U:S. 
^ energy consumed. Yhis percentage is expected to 
increase substantially in the years ahead. ^Sig- 
nificant energy savings — expected to be 1.0-1.5 
million BPDE by 1985 — can be acliieved by 
using improved equipment, and by altering con- 
sumption patterns, system structures ^and opera- 
tions. Substantial xapital' and land savings aild 
■ '.'i^Sivings .of oil can also be achieved. There are a * 
'^liumber of opportunities for near- term savings, 
such as electric load management, application of 
energy storage, and removal of constraints- to 
more efficient higher voltage transmission lines. • 
A reliable electric energy system is also the cri- 
tical link between advanced source technologies 
and end-use. , • 

In addition to these opportunities, a continuing 
stream of new ideas and projects flows from the 
scientific community, individual inventors, and entre- 
preneurs. For "example,' recent private effoi;ts have 
produced more efficient light sources anduhermally 
activated heat pnmps. Moreover, technological op- 
portimities need ^ta be/^onsidered in the light of 
alternative socio-tcbnomic-regulatory actions $uch 
as standards and innovative^ financing. ^ * 
• ■ ^' » • ; ■ 

''Market Barriers' - 

By and large, most of these conservation tech- 
nologies will have to overcome problems of eco- 
nomic, 'uncertainties, and normal resistance to the 
acceptance of new "products." Economic barriers 
will diminish as fuel prices rise and as more econom- 
ical conservation technologies become available. For 
example, as fuel becomes relatively more expensive, 
end-users will be increasingly likely to invest in 
initially more expensive new technologies in the 
knowledge that 'overall (i.e., life-cycle) costs .will be 
competitive for a given level of output. This "conver- 
sion" process will occur naturally but slowly within 
the market. In some instances the large, potential 
benefits niay justify government action in the form 
of economic inccntivei or RD&D atllitance. 



•"^The lavings efifMM«d are In addition to thoie cur- 
imtly being puriuod by Detroit (e.g., lighter weight 
can), but may be included by manufacturers in the eifi- 
eltney improvementSi reoentlv mandated by legislation. 
TWi 27 iptroeat is included the n receding three end- 
use sectors and is theretorc nonadditive. 



In addition to the economic barriers there are 
several other kinds tha^ must be considered in map- 
ping implementation strategics. Specifically, end- 
users may be reluctant to invest in new technologies 
because they do not Icnow whether the technologies 
will perform as designed, or whether they will be 
reliable; developers and manufacturers are some- 
times reluctant to create new technologies becaifte 
they do not know whether they (ian, in ah acceptable 
tiiiie frame, meet the iitsiitutional tests posed by state 
and local governments, lending institutions, unions, 
and other key groups >yl|ose support is required to 
implement new approachq^n literalty every segment 
of society. For example: 

1. Most individuals and some industries are Unac- 
customed to u^ing life-cycle costing as^ basi^ for 
purchase decisions, and jtend to make decisions 
on the basis of lowest initial cost. If companies 
continue to make' investment decisions solely on 
the^ basis of initial cb$t, some new tedino]ogies 
(e.g., long-life, light sources, and integrateoMp- 

* pliances for i?iobile homes) will fail Jtf realizerfuU 
potential. . i 

2. Personal taste and value are often wedded to 
existiiig technologies. For|^example, the changes 
in home appearance caused by^the installation df 

. solar heating may l>e an important deterrent to 
scfltne prospective buyers, and the "look" of low 
drag automobiles and trucks may impede their 
acceptance by potential operators.* 

3. Vendors may be deterred from marketing a 
device because hew and unexpected environ- 
mental standards might inhilnt the use of a tech- 
nology before the investment for •development 
and marketing can be recovered. 

. 4. Even though a 'basic technology is , available, 
manufacturers jpay have to overcome numerous 
other tecluiological hurd]^f ani^ some institu- 
tional hurdles to .adapt 1m technology to par- 
ticular markets. This effort ma^ gfeatly cohi- 
^ pound the economic uncertainties; 
5. Potential users niay be unsure whether the first 
generation of a technology will perfond as adver- 
' tised. The problem is accentuated where the 
available technologies have hot been Efficiently 
demonstrated. Potential consumers cannot afford 
operating fuel-saving products at a los$, especially 
when no significant gain results from being the 
first operator of a new technology. 

Finally, market penetration of cqaservition 
technologies may be impeded by*a raii^ of valid 
environmentali human health, an4 s^ifety considera- 
tions. Alt new or modified energy reh^ tedindl- 
ogies must, of course, meet any cxistiiig pollution 
control requirements and many ait required to meet 
new source performance standards. In improving en- 
ergy efficiency in commercial esttbUsMents and 
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residential housing through imprdved insulation or 
reduced ventilation, for example, the potential haz- 
ards of increased exposure to, fine particulates fi^'m 
bsulatioi\ or the effects oh human health of reduced 
ventilation nlUst be evaluated. ; 

In addition, exotic technologies and/or, fuels 
'producing electricity majr produce softie tiegative 
environmental inipacts. For example, higher temper- 
ature conobustiori will substantially increase certain 
' types of emission (expecially NOJ, higher tempera- 
ture<twastewater, and increase material deterioration. 
The use of certain fuels (e.g., nitrogen-, and sulphur- 
bearing 0ils) in conjunction with high-temperature 
cycles ^1 likely adversely afl[ect air emissions. 

the positive side, quahtificatiin of the en- 
vir(Mfmental benefits resulting from reduced energy 
consumption may help overcome instittitional ^rid 
socialVbamers impeding large-scale conservation. 

Strategic Appr6ach • 

^ In recognition of t^e keed to address these genr. 
eral commercial and socioecopomic factors, the strar ] 
tegic approach to brinpng a large nuiBber of con- 
servation technologies into use in the •'hear teitn 
incorporates five main elemeix^s:, 
L A national policy coiltadve |o the adoption of 
eneffgy^ffident technologfes. An etement of this 
policy is the enactment of the Energy Policy. and 
Conservation Act* which, in part, provides^for: 
— rA gradi&l removal of oil price controls, to en- 
courag^ normal workings of the marketplace 
— i.e., to increase supply and to reduce 
demand 

— Insurinjg the continning progress in the im* 
provement of automotive energy effidendes, 

to ensure^ consumer adoption of more energy 

efficient automotive technologies 
' — ^Tbe identification' of faieas for improving the 

enetgy effidency of "inajor^ household 

ances, to encourage *consumexs<to''lnake the 

most energy-efficient cjipic 
— ¥|^rl^ with eneigy-intensive industries, to 

encourage the adoption of existing cohserva^ 

tipn technologies ' 
— Federal conservation efforts,, to be carried out^ 

through procurement policies and through a 

10-year plan relative tB^ federally owned or 

leased buildings. 
' 2. A 'O- to 5-year pbmnii^ horizon. In addition to 
- the near. (1985), zmd^ (1985-2000), and long- ' 
term (post 2000) planning hqrizbns established ^ 
by ERDA's enabling legislation, a new planning 
horizon — 0 to 5 years — ^will Jjc included in the 
annual energy RD&D Plan. Opportunities in 
nuclear, fossil, .solar, arid Other technical areas 
. will be included, although the predominant oc 
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portuhities will probabYyr be in the conservation ' 
j^ro^ranfi: Fuel substitution opportunities also will 
|f be ^ught because of the benefidal |jmpact on oil 
Mmports and relief of gas shortages^ 5-year 
focus is^ intended to roll forwa^tach year. The 
, process will be institutionalized and monitored 
i for successes and failures, ^he results of the 
initial ERDA review wiH^ be coordinated with 
other Interested' agencies, particulJtrly FEA, to 
ensure- a proper overall goverhmental approach 
is being designed and the best opportunities are 
being identified.. Industry views,.will . also be 
sought in this design phase to ensure' that any 
government action ^sists and pro^ddtt Incentives 
to industry i^ther than result in preemptive, un- 
needed, or irrelevant government action. . r 
' AltHough some of these technological improve- 
ments will begm 16 appear in the marke^Iace 
between now and 1980», it may be cost elective' 
for government to^aSsist industry in accelerating 
' their introduction and acceptance^ by the Ameri* 
cap*piiblic. ' 

3. AcceieiBM identlficiH6ki of 'promldiBg )t^clinol* 
ogies (particularly withtii the 5-year hoHzon) and 
dissemination of fajfdhnltttion about thefar appBca* 
tioki in potential end-usenj: For some' time, PEA 
has had a program to' identify conservation opr 

- .portunities in industry, buildings, and transporta- 
tion. Other involved agencies include the Cooper- 
ative Extension Service, Department of Com- 
mer^and Housing and Urban: Development. 

4. Integration of market and institutioiial bairien 
faite tile plans for deveiopfaig tile most attractive 
conserva^n tedmologies and for f adUtatipg tlieir 
impkmeiitation* A general approach is being de- 
velo^e||Rb consider implementation barriers at 

« the inception and throu^out the Rl)&D planning 
^^^.,.:..--^>reeessr^(SceL^^ ^ 

5. Demonstration pr^puis to wmk out flie Imple- 
mentatioil detaib of m^re^compln technological 
approac^hes. Such . efforts wifC ino^t lilcely be 
needed in t^ hij^ fragmenbid bull 

try. ; Leading canoidates for $iu:h programs 
include the Annual Cycle Ener^System, inte- 
• grated housing, and conununity ener^Mystems. 
Similarly, demonstrations of coiftervatioh^tech- 
. .nologies with broad industrial aiq)licability^ay 
be justified. The appropriate govemmeht role^ 
^s area will be determined by further analysis 6t 
promising technologies and by socioeconomic 
research that diagnose barriers and the o^t 
effectiveqess of alternative approaches to over- 
coming them. 

Action Program 

^ The principal elements of a Federal progranrto 
carry out the strategy outlined above include: 
• Carrying out the provisions of the Energy Policy 
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Conservation Act within Federal Ener^ Adminis- 
traticai, and the Department of Commerce 

• v^ncouraging the private sector tp implement con- 
servation and fuel-substitution technologies within 

*» thp 5-year planning horizon 
•''^i^tablishing a joint FEA and ERDA planning and 
implementation capability 

• Developing a capability for: .. 

— Identifying the energy-savings technologies that 
, ' are attractive frpltn^the point of view of cost and 
\^ implementation ^ 
'±^I>^velopihg ehergyrcon^umption standards . 
-^identifying eiiviroiunental costs and benefits 
— Verifyiiig tccnriology qapsfljilities 
' — ^Infprming end^usefs about new techiiolo^es 
« — ridentifying ^d assisting in removing institu- 
tional obstacles ' 

• Carrying out demonstration programs as appro- 

• priate^' 

Light Water Reactors . * » 

Although forecasts .vary, most show nuclear 
power as a major factor in meeting U.S^ ^energy 
needs by the en^ of this century. A typical forecast 
js for an installed nuclear capacity building from 
the present level of 39,6 millions of kilowatts X)f 
capacity (gigawatts— GWe) to 70-76 GWe by 1980, 
incfeasing to 160-185 GWe by 1985, 265-340 
GWe by 1990, and\450-800 GWe by 2000.* 

• Industry and Goveriuncnt, in cooperation, have 
brought light water povt^r rdisictors to their current 
, status of safety and economic viability. As a result, 
this energy source presently supplies ^ome 8 per-, 
cent of U.S. electricity demand. Although seyeral 
problems impede rapid market penetration (e.g., 
long lead times; evolving regulato^ requiredfents; 
less than desired plant reliability ancL^^vailability, ' 
a feature also shared with large coal plants, and high 
capital cost ♦♦), over 200 nuclear poWy)lants have 
now been committed or Ordered. : , 

To bring the ^technology of li^t ^iter reactors 
to full economic fruition several^parts of the fuel 
cycle must be validated — technically, commercially 
and' environmentally. In brief, the areas requiring 
increased emphasis are: ^ 

• Better definition (i.^., in terms of location, grade, 
* extent, economics and availability) of recoverable 

domestic uranium resources . ^ 



* Includes up to 60-80 GWfe of breeden,^assumin< success- 
ful completion of the breeder development program. 
Despite higher capital costs, nuclear energy's lovter fuel 
cosU (compared with fosstl futis) allow power to- be pro^ 
^uced at a low^r totfl cost in most of the^lation. Only 
in those areas of the West where abundant, low sulpbur 
co^y reserves can be mined cheaply is nuclear power not 

. currently competitive. OC, course 8U(^««estlnuitca depend 
on the accuracy of future 'e^ti^^atesT^oC both nuclear and 
coal costs, ' ' ^ 
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Cut Off • * ' 
Cq^t* llM«rVM** 


Pofentlel 


Total 


■ f i 3 

10 315,000. 
15 420,000 
30 600,000 


4,000,000 
, 1,620,000 
2,900,000 


1,315,000 
2.040.000 
3.500,000 


♦ Recoveiy co«t per pound. , . 
*f 'tn addition. 90,000 tons of by-product is expected through<2000. 



• Siicicess in the transfer of responsibility for uran* 
ium enrichment to private industry and progress 
in initiating new U.S. capacity to meet future U.S. 

' and overseas demand for enridiinent services 

• A commercial fuel reprocessing 'and /tcycling 
capaci^ 

• Demonstrated safe and environmentally acceptable 
waste treatment and storaj^e and disposal processes 
and facilities 

^ • Improved LWR technology , 

• Strengthened safeguards. # 

Uranium Resources 

If the use of light water reactors usmg domestic 
uranium resources is to expand as projected,^^ 
increase in the dome^c uranium resoufces must 
also take place. Although uncertainties about the 
extent of uranium and the economics of its recovery 
exist, ERDA's present assessment (sec Table HI-?, 
above) is that Uie reserve base is adequate to pro- 
vidiB for all operating and planned power reEK^ors 
(235,000 MWe) and to permit further growth even 

, without the recycling of plutonium and uranium. 
However, currently identified economic-graded ($30 

. or less 'per pound prbduction cost) uranium rt-. 
sources may be inadequate to support the postulated 
long-term expansion of light waftr reactors beyond 
199p for their lifetime. Thus;>||dditional major quan- 
tities of uranium resources of all gi^ades must be iden- 
tified and developed into reserves. 

. • ' ■ ' 

Uranium Resources^Tons of 
yranium Oxide (UjOs) *. 

, . 1^^ necessary industrial commitment to ex- 
ploration and expansion df production capacity to 
ensure adequate development of resources has been 
retarded. To identify areas favdraUe for uraniutn 
exploration, :|o assess more completely .the resource 

. baise, and to improve exploration and extraction tedi- 
ndlo^, a comprehensive gditlrnment program, Na- 
Uonal Uranium "Resource Evaluation (NURE) has 
been in progress for about 2 y^f* Under ERDA's 
direction, it is designed to prqMl^ sysfcmatic and 
extensive sQrvey of the contermiaoel U«S. and Alaska 

' by FY 1981. N|W Mr^^qpeclrf to ^ 
ties that appeat^^fiiyoTable for wailed ^sqplorati^ 
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and to provide an initial estimate of the resources in 
such localities. Such information will support private 
industry qjK)loration and will#provide a more^com- 
prehensive ba^s for estimating the potential uraiiium 
resources t^at may be available inVtitu|A^ears. 

4^|Hs expected that the urai^um production^^mdustry 
will continue to^take responsibility for assujmig the 
trans^r^al of^dentified uranium resources to'^oduc- 
tiBn capacity an^l for the establishment of relation- 
sKip*& between buyers and sellers that will guarantee 

;^at 4iran)um demands will be met; ERDA will also 
continue to analyze the industrial capability to pro- 
duce ufanium at needed rates. 

Uranium Enrichment 

' ^ Li^t water reactor techn&logy depends on 
separating the small fraction (0.7 percent) of natural 
'4iranium that is fissile (i.e.^ will fission when struck 



by a- neutron) from the much larger mass of non- 
fissile natural uranium. 'Uranium used as a fuel must 
be enriched by increasing the concentration of 
uraniun]r235y the fissile isotope. 

During and subseqyent fo World War II, the 
government built three .large enrichment plants thit 
use thb gaseous diffusion process to enrich uranium. 
These plants will produce about IS million separa- 
tive work units (SWUs)* this year for both foreign 
and domestic use, which would be sufficient for 
about 150 nuclear power plants of 1000 MWe each. 
The Capacity of the existing ERDA gaseous diffusion 
^plants will be imptoved and electrically uprated to 
a capacity of approximately 28 million SWUs by 
1981, wmch should meet the long-term enrichmi 



* iSeparative work units are a measure vof the effort required 
to ofirich the unuuiun fed to the enrichment |dant. * 
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secvices requirements for reactors plai^^d through 
about 1984. However, by 2000, projected domestic 
and foreign nuclear power expansion could r::;quire 
as many as IS additional 9 million SWU enriching 
plants depending on the tails assay, the introduction 
date of Pu recycle, and the level of enriching services 
sales to foreign markets. (See Figure 111-2,) 

ERDA believes that expansion of uranium en- 
richment is a business operation best carried out ill 
the private sector. To this end, over the past few 
years, ERDA has been transferring uranium enrich- 
ment technology to a number of qualified domestic 
industrial firms. But several factors have inhibited 
th^ private sector's moving ahead quickly in this 
area. First, enpchment plants require^normous in- 
vestments— about $3 billion for each full-scale 
plant — and long, return-on-investment lead times. 
Second, the technological competition between the 
diffusion process and^'the centrifuge method creates 
an^ement of technical and financial uncertainty.^ 
jjl|l^||llg^ gaseous diffusion is an established tech- 
nology^with a demonstrated reliability greater th^a' 
99 percent, gas. xentrifugation might prove to be 
more economical. In^ addition, there is another 
process, laser isotope^\separation, whose technology 
has yet to be demonstrated. 

To enable and encourage the private sector to 
begin the necessary investment to expand enrichment 
capacity, the Nuclear Fuel Assurance Act, was pro- 
posed to Congress in JuneJ975. This Act will j>ro- 
vide ERDA necessary authority to negotiate coopera- 
tive agreements with private firms^'^hich, after 
Congressional approval, . would |)rovide* teni|)orary 
financial assurances to these private firms. Specific- 
idly, ]ERr)A is seeking authority to enter into con- 
, tracts for cooperative agreements up to the amount' 
of $8 ImII^ to assure that in the unlikely event the 
projx^^Bl^ Ventures do qot succeed, the gov- 

enu^cl||>^^^ still' take actions to ensure that the 
* plants "wotjld be brought bri-line' in time to supply 
'domestic and foreign custome|:s iwith uranium en- 
richment services when needed; ^'^ttT'is expected that 
node of these funds v|^ld have to be expended for 
the assumption of private ventures. In addition, the 
legislation provides for a backup plan fpr a new gov- 
ernment-owned facility at its Poi^smoiith, Ohio, site 
as a contingency measure in the event that private 
ventures are unable to proceed. When private indus- 
try efforts have made suflBcient progress, the backup 
plan will be dropped. * 

Reprocessing and Recycling Capacity 

Fuel elements discharged from light water reac- 
tors contain about half the fissile material present in 
new fuel elements. From economic and conservation • 
ppiqts of view, recovery and reuse of the materials 
appear desirable, but no domestic or foreign com- . 
mercial facilities currently process sgf^nt fuel from 



conmiercial reactors. ThS first domestic commercial 
plant experienced some;operat^nal and maintenance 
difficulties and was shut down -for modification and - 
'expanfsion; restart before 1982-1983 iS not^.foreseen. 
A second plant has not reached — and may nevA 
reach — the operational stage. A thircil commercial 
reprocessing plant was expected to c;|pmence'opera- 
tion in 1976, but will beidelayed j)ending cons^c- 
tion of facilities to sa.tisfy new criteria, for V.aste 
treatment and plutonyim shipment. It woidd'appear< 
that, before any n^ commercial &iel reflibrication 
plant that depend!^ on large-scale utdization pf (du* 
tonium can bc^ ful}y ^licensed, a deoisi^ on the 
General Environmental Statetnent jon Mixed' Oxide 
Fuel (GESMO) must be forthcoining. A final state- 
ment by the Nuclear RUgulatojry Comniissioa (I^RQ 
is expected in 1977.^ 

From a resource ^taml^int the development of 
a commerGMl reproijessing and recycling capacity is 
highly de^bletor the continued growth of nuclear 
power. The continued absence of a reprocessing and 
recycling cap^1)ility will materially increase the de- 
mands fpr urafiium, increase enrichment capacity 
requirements, and necessitate interim storage of large 
volumes of spent fuel elements. 
" , ERDA is proceeding with a program to assist 
industry to resolve outstanding problems associated 
with LWR fuel reprocessing and recycling. . Initial 
program ^efforts (i.e., those to be completed during 
1976-1977) include: 
"'^^^licitation of expressions of interest and informa- 
tionvfrom the nuclear industry on impediments to 
commercialization faced by industry >and sugges- 
tions on 'what steps by industry or actions by 
ERDA could overcome these impediments. 
•~ Based on industry response, other studies and 
evaluations^ and discussions with industry and 
. other ^Dvernment agencies^ a specific plan of 
action will be formulated. If necessary, legislation 
'for any re<luii^e4 assistance would be jdpifted and 
' submitted for Congressional approval, 
• A bmadiy based program of research and devel- 
opment of the chemical processes, systems, and 
components a^licable tq^the final phases of the 
' LWR fuel cycle will be- pursued concurrtntly. 
' Areas requiring additional development include 
the process technology, systems operations and 
maintenance, design" concepts and .understanding 
of environmental impaAs; « 

Radioactive Wasj^ Management . 

A safe and , environmentally acceptable pro- 
gram foflH the management and control of radio- 
active wastes is essential. Central to this waste man- 
agement program'' is ERDA*s acceptance, of the 
responsibility for the custody of those radioactive 
wastes that have been identifie'd by .the NRC as 
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reqiiiriivg long-term federal control for reasons of 
human health and.safety. The realizatfbn of nuclear 
power's full potential can only occur if environ- 
mentally waste disposal methods are developed. 

# Of the various radioactive wastes produced, 
most of the radioactivity is concentrated in one of 
t&e waste streams from the chemical processing of 
/spent nuclear reactor fuel to recover its residual 
potential energy sources. This high-level liquid radio- 
active waste, as defined in NRC regulations, may be 
stored namore than 5' years after the processing of 
the parent fuel,' apd the stable, solidified product, 
sealed^in high-integrity containers, must be delivered 
tcr-ERDA no more than IQ years after processing the 
fuel. The very .long-term potential hazard of high- 
l^el waste is from its content of plutonium-239 and 
related materials (known collectively as transuranium 
\ nuclides). Transuranium wast6 will also be^ene^ted^ 
in Plutonium recycle facilities and a propQ^ NRC' 
regulation would retire that trahsuraniui^^conti^ni- 
nated waste, converted to solid form if ne%sj||7, be 
transferred to ERDA no more than 5 years ftftej its 
generatio^. . 

These wastes need to be isolated from 'man's 
environment for extremely long periods of time. The 
preferred solution appears to lie in enf placing .the ' 
relatively small volumes of these potentially hazard- 
pus radioactive wastes within deep, stable c geologic 
formations. (Some geological formations have been 
stable for hundreds of millions of years, &nd there is . 
every reason to believe they will continue to be so for 
further geological periods. Studies to date of a pre- 
historic underground natural nuclear criticality . in 
. /•what is now Gabon, indicate the radioactive residues 
"^'dSHhe phenomenon — natural high-level w^ste — have 
remained essentially at the generation ^^ite for well 
over 1 billion years.) 

LaB&rktory and theoretical studies of geologic 
i^^lation of waste have been in progress for 20 years, 
lpi<l site investigations %re now being conducted in 
southeastern New Mexico. A potential application for 
this location, beyond its use as a pilot plai^j would 
• be storagi^yritf transuranium waste generated- by 
ERDA in its military production operations. In 
adqition, it would also provide a facility for limited 
experiments with commercial high-level waste, beg^i- 
ni|)g in the mid-1980*s. However, /(kihonstration ' 
of geologic emplacement or storage of high-level 
waste on a much larger scale is essentia]. The timing 
is propitious to undertake a major program to de- 
velop sites in several sections of- the Nation in several 
different types of geological formations. This ex- 
panded effort would^ facilitate waste mahageffient on 
^ a regional basis, including the involvement of knowl- 
edgeable state government and university scientists. 

^ In geologic isolation of w^^ste, the geological 
itiedium itself provides one of the primary safety 



factors. The form of the waste and its container pro- 
VK|p additional safety factors. In earlier stages, when 
the waste is still in retrievable storage or in transit, 
the physical and chemical forms of the waste may 
affect the margin of, safety available in case of con- 
tainer rupture, however unlikely that might, be. A 
development program aimed at less soluble, more 
monolithic waste forms has been underway for some 
time. Primary emphasis has been given to the silicate 
glass form. \ 

Another program, begun in 1972, concerns re- 
trievable surface storage of commercial, solidified, 

> high-level waste at a central^ federal site. The draft 
environmental impact statement published by the 
former AEC in^Scptember 1^74|' which was a key 
steMjUproceeding to the location^ detailed design, 

\aitdpktruction of such a repository, was. criticized 
"tor Tack of detail^ in its discussion of the fdlow-on 
ultimate disposal of waste, ai^d^for failure io discuss 
regulatory issues. Pending issuq of one or more 
generic, environmental impact statements to replace 
the previous drafts retrievable surface repository 
work is being deferred. In view of the delays in gen- 
erating commercial high-level waste and the planned 
acceleration of the geologic site development pro- 
gram.'^'ERDA now believes that the eventual need for 
a surface storage facility will be much less thati was 
thoilght when development started. ERDA's present 
plans are to begin demonstration of the terminal 
(geologic) storage of conmercial high-level waste by 
the eariy fo" mid-lj^w's. Since criteria for waste 
forms and packaging will affect processes, facilities, 

^ and economics of the commercial fuel cycle, ERDA 
has a . goal of establishing (or recommending to 

' NRC) such criteria by the end of 1978. 

LWR Technology 

In addition to the critical need to establish a 
complete fuel cycle, a number of lesser proHems 
impede full development of nuclear power. These 
include less-than-desired plant availability and relia- 
bility,, long CQinstruction and licensing lead time, and 
evolving regulatory requirements, f^^^^^^^ 
i If the lever of availability and l&se of nuclear 
plants improved, it would translate directly intojsav- 
ings of fossil fuel— e.g., the daily output of a 1000- 
MWe -LWR is equivalenft to approximately 30,00(X 
barrels of oil. Cost savings from realistically attain- 
able construction time and design 'Standardization/ 
modiil^rization could* be on the order of $l-$3 
billion during 1080-1985. . » 

^ Although the solutions to these problems lie in 
the industrial/utility sectof^the amount of effort 
being devoted to them by mdustry is not yet com- 
mensurate with the potential economic benefit to 
the public or reduction in oil^onsumption. Govern- 
mental analysis and planning could identify ap- 
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proaches to stimulating private investment in this niques. Enhanced oil 



area. \ 

Specifically, ERDA is undertaking a program 
to stimulate greater industrial involvement ifi im- 
proving existing LWR technology and techniques. , 
This program will include component testing and 
support in the basic technologies required by indus- 
try to increase the availability and productivity* of ' 
existing, plan^ Determination of Uie underlying 
''causes of p)imt deratings will be squ^t. These 
efforts should iresultainimproved conit)o;ient reliability ' 

in a reduction of scheduled and unscheduled 
:^^^^time. The program will also seek to reduce the 
and cost of new plant construction througih 
F^^iich effoirts as engineering standard support, stand- 
ardizatioii/modularization design studies,>Jinproved 
construction technolpgy development, ana special 
siting studies. The efforts will be conducted with 
industry and utility groups, and will be closely co- 
ordinated with other ii)terested government agencies, 
including NRC and FEA. ' 

Safeguards 

The potential for sabotaging facilities or steal- 
ing and diverting fissile materials raises a fundamen- 
tal safety issue. Unless the public fears conceitiing 
these issues can be allayed, future expansion of the 
nuclear power industry is likely to be curtailed. 

• The question of the degree of prote^ction to be 
afforded nuclear facilities to prevent criminal diver- 
* sion of materials or other criminal acts that could 
constitute a public safety threat continujss to receive 
substantial government attention. In /iddition to 
NRC's establishing appropriate safeguards criteria 
for commercial nucleaif facilities, ERDA is support- 
ing a program of research and development on more 
effective safeguards' systems and physical protection 
measures.. 

All facilities to be constructed and operand 
under cooperative demonstration programs will inv 
elude the demonstration of * appropriate safeguards 
systems and measures. To implement this policy^ . 
; ^RDA, for example, i^ currently supporting th^\ 
development of a' conceptual design that will identify 
perfomjance requirements for the various parts of 
the physical protection system, the accoi^ntability 
system, and the materials control systems. Such in- 
formation can then be integrated into the detailed 
,u design of future fuel cycle facilities. , 

Enhanced Oil and Gas 
Recovery Techniques 

From past exploration, approximately 290 bil- 
lion barrels of coayentional oil, 130 billion barrel of 
.heavy oil and bitumen, and £00 trillion cubic feet 
of natural gas af^ known to exist but cannot be re- 
covered with .present conmiercial recovery tech- 
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and gas recovery techniques 
might eventually recoilrer 40 billion barrels pf this 
oil and 250 trillion clibic feet of the natural gas, or 
the equivalent of 10 to 12 times current annual 
production levels.* If costs of the recovered oil and 
^as'were competitive with. alternative fuel sources," 
<^||a^ced-f.ecovery, techniques could postpone the 
expected doqiestic oil and gas production decline by 
a decade or more. 

Enhanced recovery is a generic term for a 
yariety of techniques for increasing the flow of oil 
and from their natural, locations in permeable 
rock to producing wells and for increasing recover- 
ability of the resources. The individual techniques, 
which have different applications in different reser- 
voir formations, are at various stages of develop- 
ment; if proven successful and marketed, they would 
permit greater recovery not only from existing de- 
clining fields but also from new fields under develop- 
ment. Present high priority areas' are inland. 

Imp^mentation Barriers « "^j 

A number of techniques for enhancing the 
recovery of oil and gas are being researched <^nd 
' tested by private oil and gas companies, and, even- 
tually, industry would undoubtedly develop and im- 
plement these technologies on its own. However, 
^because of current economic circumstances, private 
industry might pursue alternative investment oppor- 
tunities, thus Ik>stpbning development and marketing 
of enhancement techniques. 

Indeed, enhanced recovery techniques require 
significantly larger capital investments than conven- 
tional secondary recovery. Specifically, the estimated 
cost of oil using several of the enhanced '^oil recovery 
methods now being tested exceedis current ^oinestic 
oil prices; however, this situation may biecome more 
favorable .as- oil prices are decontrolled over the 
coming years. . * ; * 

Not only is industry hampered by uncertainty 
overmuch institutional barriers as price regulations 
and tax requirements, but the possibility of antitrust 
action has tended to limit cooperaive ventures that 
could spread the risk and increase the support base. 

Environmental problem^ are principally the 
same as those associatedvwith primary production. 
However, tertiary oil recomery techniques may affect 
geological substructures differently. Secondary itnd 
tertiary methods, \Vhich will be used to stimulate 
existing wells, could cause contamination of ground 
water through pipe casing leaks — a problem simi- 
lar to that which now exists for primary drilling — 
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* The estimate of potential oil recovery is £RDA*s, based 
on a range of industry estimates.. The gas recovery esti- 
mate is based on the Natural Gas Survey^ Volume II, 

' U.S?! Federal Power Commission, 1973. 
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as well as through geologic faults. Biological con- 
cerns include y/hski impacts waste heat and dissolved 
and suspended solids may have on aquifers. In addi- 
tion, enhancement techniques for oil recovery 'may 
resuft in gaseous emissions of H2S. « 

Strategic At>proach 

The Plan anticipates that the enhanced recov- 
ery tecHhiques will be developed primarily and ap- 
plied conunercially by industry as its ability to pre- 
dict returns on> a project -improves and in' response 
Jo rising domestic and international oil prices. This 
process may be accderated by complementary Fed- 
eral efforts to address production, market, and en- 
vironmental uncertainties. The Federal program is' 
intended to provide more quickly an . understanding • 
of the magnitude of the recoverable resources; eval- 
uation of the real potential of alternative technol- 
ogies; understanding Of the environmental impacts; 
and, ultimately, more complete recovery of the re- 
serves. 

The earlier various enhanced recovery tech- 
niques are researched and developed, the faster ^ 
reasonable estimates of actual additional recoverable 
resources can be developed as input to substantive 
planning, development of national energy strategy, 
and the setting of priorities. 

Development and commerciar application of * 
enhanced recovery techniques requires several years 
for evaluating the necessary technology, the potential 
environmental impacts, and the attendant economics. 
For example, 5-6 years may elapse between project 
initiation and resultant production; several more 
years may pass before profitability and extent of 
environmental impact can be demonstrated. Thus, 
research on resolving the uncertainties associated 
with advanced technologies needs to be intensified. 

The availability of economical enhanced re- 
covery techniques might result in more complete, • 
ultimate recovely of reserves. More complete re- 
covery might result from changes in the current^ 
production cycle from primary recovery to the vari- 
ous phases of enhanced recovery. For example, fur- 
ther research might obviate the need for the tradi- 
tional primary— secondary— tertiary cycle indicating 
that in certain instances water flooding (secondary' 
recovery) should be omitted and replaced by micellapr 
polymer flooding (tertiary recovery), and that^ water 
flooding should be done concurrently with primary 
:«* production. Such advanced technology application 
might replace the "last ditch" applications that often 
have mar^nal economic returns. 

The costs and benefits of various enhanced 
recovery techniques are being analyzed by 'ERDA 
to determine the appropriate mix and level of Fed- 
eral R&D expenditures. . ' 



Action Program 

The Government is developing an approach 
to accelerate ^the development and application of* 
enhanced-recovery techniques: 

* ERDA is co-funding research, development, and 
demonstration projects with industrial firms. 

* ERDA is analyzing and interpreting field test re- 
sults to understand the potential for the profitable 
use of certain enhanced-recovery techniques. 

• FEA is reviewing price regulations, tax require- 
^ ments, and other institutional barriers relative to 
^ enhanced-recovery. * t 

V Under jointly funded Federal RD&D projects, 
private firms provide an average of 60 percent of 
the funds. However, as the risks become lower the 
Federal role should be reduced. Each of the pro- 
jects involves a -field demonstration, which is ex- 
pected to produce technical, economic, and environ- 
mental results that will be transferred to other firm's 
iii the industry to obtain maximum benefit.' Pres- 
ently, IS major enhanced-recovery demonstrationSi^ 
are under waj. These demonstrations are split be- 
tween enhanced oil recovery (appit)ximately 55 per- 
cent) and enhanced gas recovery (45 percent). Addi- 
tional demonstrations are anticipated for FY 1976, 
with about* the same split between oil and gas re- 
covery efforts. Environmental factors are considered 
in developing and executing this demonstration pro- 
gram. 

The legal and instittitionaL questions are being 
investigated by the FEA, which implements the 
price regulations. FEA is also evaluating applica1>le 
tax laws to determine if reasonable changes can be 
made to encourage enhancement projects. Reduction 
of uncertainty over oil price legislation might speed 
industrial activity since the economics of the various - 
advanced technoto^es foj enhanced recovery are 
very sensitive to price. A clearrCut explanation of 
how^output from enhanced recovery techniques will 
be priced and how the Ihrgc accompanying research 
and development exp^nseis will^ be treated for ,tax 
purposes could serve as anr<'ini:endve;for initiating 
major projects. 

Direct Utilization of Coal 

Although the Nation's coal resources are not 
inexhaustible, they do represent one of the Nation's 
most ^t)undant fuel resources. At present, coal is 
supplyijte only 17 percent of domestic energy. At 
that t^yTof consumption, known reserves economic- 
ally rel^yerable in a 1970sjcompetitive environment 

• would ,]ast more than 300 years. As prices of alter-' 
nate piiels escalates in the future, less accessible 
coal reserves will become increasingily attractive. 
Thus, coal's economic usefulness should continue 
well into the 21st Century and perhaps beyond. 
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Production of coal is now beginning to grow 
again and reached 640 million tons in 1975, exceed- 
ing the 400> to 600-Biillion tdns-per-year range that 
/had persisted since World War II. Indeed, several 
forecasts project a tripling of domestic demand by 
the year 2000, provide barriers to such high levels 
of use can be overcome. Currently, about 65 per- 
cent of the coal is used in central station electricity 
generation; about- 15 per cent, as coke; and most of 
the remaining »2(} percent, in industrial plants for 
power or process heat. Consequently, la coosjde4ng 
how to increase the use of coal, interest centers first 
on application in central station 'pow^r plants and 
second, in industry. 

Implementation Barrierls 

Immediate expansion in the use of coal is 
limited by the high costs and uncertainties associated 
with the environmental acceptability of this energy 
source. The critical environmental concerns are two- 
fold. 

First, much of the coal can best be extracted 
through.strip mining. This will require restoring the 
land to original productivity and recontouring. The 
necessary revegetation would consume . substantial 
amourits of water, a commodity in short supply in 
western regions where much Qf the strip mining 
would occur. Moreover, if stripping were indiscrim- 
inate,' disrupted habitats, could endanger wildlife 
species and upset ecological balances. In spme areas, 
coal extraction threatens aquifers which lie above 
or in a co^l seam. 

Given these problems, research must be con- 
tinued on restoration of ^productivity. The reclama- 
tioii effort itself^will have some impact on water 
quality. and quantity. Acid s^nd alkaline leaching into 
ground and surface waters will occur before strip- 
mined land can be fully reclaimed. Wind/water 
erosion can also deteriorate water quality by increase 
ing sediment loads. Thus, prompt reclamation efforts, 
even as mining continues elsewhere at the extraction 
site, needs to be instituted to reduce this potential 
for erosion, soil loss, and water cpntamination. 

The second environmental concern is the prob- 
lem associated with stack effluents. Central station^ 
operations generate such atmospheric pollutants as 
noncoiiibustible residuals (ash), and noxious gases. 
Existing technology can remove the ash satisfactorily, . 
and the cost of the necessary equipment to do sd 
has been incorporafed fully in utility rate bases. Fly 
ash systems developed for%the utilities by industry 
during tjie last several decades are now standard 
equipment on new power plants. 

The discharge of noxious gases (oxides of nitro- 
gen and sulfur) has become a concern only in the 
relatively recent pastf and, as a consequence, control 
of this pollutant is not as well in hand. Nitrogen 



oxide emissions can be controlled by controlling 
con^bustion temperatures through techniques such as 
staged combustion, or flue gas recirculation. More- 
over, this* technique can achieve EPA discharge 
levels of 0.7 pounds of NO, per 10" Btu at a cost 
close to that of conventional combustion systems. 
It is expected that industries will adopt this tech- 
nique. 

Nitrogen and sulfur oxide emissions may de- 
grade airmjality in the vicinity of the emission source 
beyond alF6wable levels. In addition, sulfate trans- 
port over long distances is a concern. An EPA 
regulation forbids more than 1.2 pounds of sulfur 
dioxide per 10"' Btus, which is achievable by burning 
low-sulfur fuels. However, because supplies of low- 
sulfur fuels are limited, it will be necessary to 
employ sulfur-removal systems to perniit use of 
fuels with a higher sulfur cojitent. 

In addition to the environmental problems, 
rapid development of extraction sites in the Northern 
Hjreat Plains and the Rocky Mountains will bring 
large outside populations 4o remote and sparsely 
populated regions. This influx may create a sudden, 
heavy demand for such necessities as housing, schools 
and health care facilities, needs which small com- 
munities may have neither the capability nor the 
money to respond to. On the other hand, many 
regions might profit from the increased activity. 

Strategic Approach 

Private corporations, government and industry 
organizations, such as Electric Power Research In- 
stitute (EPRI) have been involved in deveU^ing 
approaches to improve technologies for the direct 
utilization of coal. Major private sector R&D efforts 
are ongoing with regard to coal utilization technolo- 
gies. It is expected that industry will have a con- 
tinued high interest in developing and implementing 
these technologies. The government role is to iden- 
tify those aspects of coal utilization that have high 
potential payoffs to society, but are not receiving 
adequate attention or funding. Furthermore, the 
government has a role ia disseminating information 
and providing financial incentives (where necessary), 
in order to facilitate market penetration of near 
. conimercial technologie$. 

The strategic approach to be undertaken ad- 
dresses mining and air pollution problems separately. 
In the extraction area, improvements in mining tech- 
niques and equipment are under investigation to in- 
crease both the recoverable fraction (leaving less 
unmined coal in the ground) and the efficiency of 
extraction so that fewer man-hours and less energy 
is expended per ton of coal minecl. 

^ Environmentally acceptable methods of land 
reclamation are also being developed to restore 
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mined areas to an acceptable condition with equal or 
superior productivity. Simultaneously, improved 
miner health and safety are being sought, especially 
in underground coal mines. { 

To deal with the problem of complying with air 
pollution standards, coal can be cleaned in advance 
of combustion, sulfur can be removed during^com- 
bustion, or sulfur can be removed from stack gases. 

Removing sulfur from coal with various mechani- 
cal or chemical separation techniques in advance of 
combustion or conversion reduces? problems of on- 
site wastQ djjspgsar; allows use of existing coaWcom- 
bustion systems;, and may improve the economics 
of use and transportation (compared to^raw coal).: 
Coal cleaned in this manner can be further enhanced 
by crushing and blending to uniform size and Btu, 
value, in order to improve its opecability and* reli- 
ability. One disadvantage of this process is the loss 
of^some of the coal due to imperfect ^ separation. 
Government and industry groups such as EPRI have 
been developing such improved benefication meth- 
ods. ERDA is monitoring and utilizing results of 
these efforts to perform economic trade-off studies 
and analyses in order to promote their use and 
adoption by private industry. 

Substantial effort is being devoted to removing 
sulfur pollutants during combustion. One promising 
process is the fluid bed combustion system in which 
the coal is burned in a solid/air mixture, with the 
solid including a substantial quantfty of limestone. 
Combustion temperatures are l(jjyer, which aids in 
controlling nitrogen oxide emis^bns. The sulfur is 
converted to a dry calcium sulphate. The cost has 
been estimated (but not yet demonstrated) as being 
comparable to that of scrubbers. In addition, fluid 
bed combustion systems do not have the plant- 
efficiency penalty of scrubbers. 

Other advanced technologies with potentially 
attractive environmental features in terms of air 
pollution include coal gasification in combined cycle 
systems and MHD. Direct use of coal in industry (as 
opposed to use in an electric utility that generates 
electrical power ,used by industry) faces a more 
complex set of problems. Frequently, scrubbers, the 
most immediately available , air pollution control 
solution for large central stations, are uneconomical 
for smaller scale industrial applications. It is princi- 
pally the operating and maintenance costs of the 
add-on scrubber systems that discourage such appli- 
cation. Consequently, fluidized beds, whiclj^ elimi- 
nate the need for add-on systems, appear to be the 
more attractive solution. 

In addition, large, central power stations could 
use low-sulphur coal in conjunction with stack gas 
scrubbing systems, which have reached the. stage of 
linujed commercial application. However, even 
though these systems meet immediate requirements. 



their commercial reliability has not yet been fully 
demonstrated. Furthermore, the sludge-lUce gypsum 
formed in the process is difficult to dispose of and 
n^ly doubles the bulk of the waste from a power 
station. Scrubbers may increase the cost of central 
stations by about 20 percent and reduce station effi- 
ciency. Consequently, the Plan provides for develop- 
ing alternative air pollution control means that reduce 
the total disposal problem and increase the pollutant 
removal capacity of the central stations. 

In addition to the^above technologies for using 
cpal directly, it may b^ possible to substitute to some 
extent coal for oil in oil-l>umiiig equipment used by 
utilities. Finely pulverized coal* Suspended in fuel oil 
can possibly be accommodated by minor modifica- 
tions of existing burner and fuel-handling equipment. 
For a given heat rate^ the fuel oil demand may be 
reduced as much as 30 percent. As might be ex- 
pected, the air pollution problems for both fuels ate 
NOx an^ SOx, and particulates. Because of the util- 
ity industry's large investmjcnt in existing oil-burning- 
equipment, retrofitting to permit an oil-coal slurry 
could simultaneously result in lowering petroleum 
demand and increasing coal consumption. The eco- 
nomics and practicality of this approach are being 
investigated. 

Action Program 

By 1985, the Department of the Interior's 
Bureau of Mines (BOM) will have completed major 
demonstrations in the eastern, central, and south- 
western scctioi^s of the country to establish'the eco- 
nomic efficacy of integrated extraction-reclamation 
systeihs. The Department als9 has a health and safety 
program to address related issues; In addition the 
BOM and the EPA'^^i^ developing improved coal 
treatment technology to upgrade the quality of coal* 
by reducing the amount of ash, sulfur, and other 
constituents. 

The cleaning of flue gases from coal-fired utility 
and industrial boilers — i.e., scrubbing — has been 
assigBed highest priority within the EFA-coordinated 
FedOTl Interagency Environmental, Control Tech^ 
nology R&D Program. To this end, EPoA is develop- 
ing second-generation Flue Gas Desulphurization ' 
(FGD) syste^is that offeic improved economics and 
reliability and reduce the amount of by-products that 
must be disposed of. A comprehensive sludge dis- 
posal technology program supplements the second 
generation work. In a parallel program, EPA is pur- 
suing flue gas, treatment to develop a cost-effective 
process for full-scale control of nitrogen oxide. Fuel 
additives, which will serve the same purpose as sul- 
fur in enhancing electrostatic precipitator perform- 
ance, are under study and development. And ad- 
vanced particulate, coi^trol technology is undergoing 
development tb broaden applicability and effective- 
ness. 
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'Figure 1ll-r3i Projected Demand for LigMlct^ and Gases to be Met by Synthetic Fuels 



JERDA isu developing advanced power jj^j^ms 
: >rhich will permit power generation fr(mirdit|P||^^ 
of coai^ aiid;Coal derived fuels in an e,fficientVnd eh^ 
vironmentaHy. acceptable manner. ERDA's research 
^ incfuffes ^h^ Uise of open and closed cycle gas jturbines . ; 
[ ill combustion' with ^ combustion taOrid gasifi* 

.;.:.bati6li^ tec^^ such as atniospheric ^and pres^ 

bed combustors. The fluidiz,^il^|p^ - 
^^'/doiwfetiktors offer tlj|&- maic>r advantage of irttemVl 
teniaval of. sulfur oxides from (^onibustion product^, 
approach offers the potential for elimin^jihg the 
;,n^ for stack gas scrubber^; required in convehr* 
tioiiai cOal-fifed boilers to jneet emission standards/ 
In addiUQni-to^res^ have been oper- 

; and EPA fo^ several years, there is 

(fatrentiy under consideration an atmospheric fluid- 
tbed.piiot plant/ • • , . 



^nthi^iic Liquid and Gaseous Fuels 

■ * * - i • ' 

. ' demand for oil and gas, even 

.under optimistic energy-Conservation assumptions, 

will outstrip the supply provided by conventional > 
. domestic oil and gas sourc^s^ thus increasing thp 

level jQf. oil and gas imports. Moreover, the gap 
.||}etween the demand and domestic production ^i$ 

y<i<^mng. Therefore, in the years .ahead, the U.S. 

must seek to exploit untapped domestic oil and gas, 



sources itd must develop alternative energy sources 
' tQ>:?iijtiimi2e its dependence on energy 'imports. 

the next 25 years, synthetic fuels* offer 
: a energy alternative to imported oil and 

; natiifal'gas^ to-be credible, however, 

' undbr thej;-'!]!^^ energy-conservatiojr^as- 
;sumptioh$ enhanced domestic oil andgas.recov- 
/ ery techniques, v approxiii^ 5 million barrels per 
day eqkiiValeut synthetic production capacity must be . 
bperation^l ^y^ 1995 to hol^lmports at current levels 
(or about .^^ ^lipn barrels, pcr^ day). (See Figure 
III-3.} IJ^ the need for 

;synthedc<fuels cp'u)^ twice ^tBijl.'ii^ or more. 

tmplemej[it^ion 6^ ''^^^f^^fi^r 

> AJtHoii]^ U.S., 
technblp^c^l p^QCeis^ !fp^^cpnv^^^<^ to clean 
iiquiif ' smd' )^ 

Fisch^-^troj^n Syrtihcs^^^an^^ — 

fiaye beipn available,|c^^^ given 

^ the preset cbst ei|id^t!h^!!U^(^^ economics 

M ^'^thetic fuet pb'iSd^^^ surprising 

that a synithetic f u| U indUff^ .i*ceiitly been 

developciin the uS. by'tfi4F«H^ dommcr- 

^ *%iat isT^ tiexl^sjin \\quii wiii'ij^umm from 
convertiii^^alyand shfdc. ^^^^^^ -^^^ ■ 
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cial size plants— i,e,» those with a daily capacity of 
20,000 to 50,000 barrels of oil or up to 25(rmillion ' 
cubic feet of gas — are complex aifd expensive, cost- 
ing lip to $1 billion or more each. Such investments 
are beyond the capability of all but the largest in- 
dustrial firms. The products of these plants must 
compete in the marketplace with all other similar.^ 
products, the prices of which are often-controlled by 
nomnarket forces. For example,, the world price of 
^il is controlled by an international cartel, and the 
domestrc price has been strictly regulated. These im- 
pacts on the natural markeV forces affecting com- 
peting fuels, coupled with uncertainties in the costs 
of synthetic fuel production, create a pricing risk 
that is, at present, unacceptable to virtually all pri- 
vate investors. 

Possible escalation in project cost and other 
risks arising from environmental and regulatory de- 
lays in construction or start-up add to the uncer- 
tajhtiel surrounding synthetic fuel product costs and 
prices competing fuels, thereby further reducing 
' t^e attractiveness of investment in synthetic fuel 
plants. Project delays resulting from envli'onniental, 
regulatory, technical, or other causes could severely 
strain the financial resources of any firm. Indeed, an 
industry survey conducted in 1975 indicated that 
there is unlikely to be significant private investment 
in production of synthetic fuels from coal and shale 
before 1985 without some form of government incen- 
tives or substantial changes in federal regulation. 

In addition to technical and economic barriers, 
implementation barriets also include a range of 
unsolved social and environmental problems. The 
principal social problems are community infpacts of 
rapid growth, while the most important environ- 
mental problems relate to: (a) coal and shale extrac- 
tion; (b) use of water in the conversion process; and 
^ (c) contaminating effluents from the synthetic fuel 
plants. 

With regard to extraction, in addition to the 
problem^ cited for the Extraction of coal; the major 
unique problems of oil shale processing include fugi- 
tive dust and the disposal of spent shale. The large 
quantities of spent shale resulting from commercial 

" operations will require significant'land areas for dis- 
posal,' which may be affected by erosion, fugitive 

' dust, leaclpng, and productivity reduction. Disposal 
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of spent shale can cause high salinity and sediment 
problems. Other environmental problems may occur 
as a result of heavy metals and carcinogens in shale 
as well as lan(}-use changes. And the mining itself 
could affect subsurfate water flows. 

In addition, synthetic • fuel processes require 
large quantities of water and thousands of acre feet, 
per commercial facility.. In some areas the acquisi- 




water will be difficult. 

J' 

sed consumptively may 
point it is unsuitabfa^ 



tion of the necessary 
Further, process watej 
degraded in qualit; 
for oihtt uses. 

\ Finally, there is tne potential for gaseous and 
liquid releases from synthetic fuel conversion facil- 
ities, which may contain polycyclic aromatic hydro- 
carbons. These hydrocrabon relets could include 
known and suspected carcinogens. ' 

Strategic Approach 

These implementation barriers, especially the 
economic ones^are serious ^impediments to private- 
sector development of a synthetic fuel industry in 
the near term. 

Therefore, the strategic approach of the gov- 
ernment would be to provide Federal financial assist- 
ance in carrying out critical technology RD&D while 
taking action that would mitigate against the uncer- 
tainties associated with developing an industry. 

The strategy for implementing the first initiative 
is embodied in ERDA's coal RD&D program. This 
program is based on the assumption that for the 
private sector to eventually make widespread use of 
newer, lower cost synthetic fuel technologies, they 
must participate with ERDA in their development. 
Therefore, the sd'ategy is keyed to producing con- 
cepts, processes and equipment that will meet the 
needs of the private sector. Specifically, the strategy 
aims at producing a commercially viable technology 
for each key stage of extracting, refining, and use, 
while closely involving the private sector. This stra- 
tegy has led to a cost-sharing philosophy used in the 
demonstration projecfs. . 

But industry is involved throughout the typical 
development sequence which is shown in Figure 
III-4. The cost-sharing, for exayipk, is concentrated 
in the pilot plant and demonstration plant phases but 
also occurs to some extent in e^lie^ phases. 
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Figure 111-4 Typical Process Development Sequence 



iMPLkMENTING THE PLAN' 

'The development phases 
of time depiending on the compIexUif^<i!r tlie^pi^S(flR>s 
and 4>roject, the ' scope of the effort, and the re^ 
lources applied'. (See Figure 111-4.) Total develop- 
ment time from laboratory to completion of 'demon- 
stration plant operation is typically IS to 20 yf^v^ 

The technical feasibility of the concep1^^|e^g 
developed is evaluated in each phase to de^bliif 
the advi^bility of carrying the project tovt^^next : 
phase. Tentative economic and environmental eyalti-^ 
ations start in the early stages of process development 
and continue through pilot plant and demonstration 
plant phases;, more extensive evaluations are made 
.with demonstration plants. In addition, before proj- 
ects reach the stage of major construction, environ- 
mental analyses and ^^ter resource availability as- 
sessments are made; /environmental impact state- 
ments are developed as required. 

To have an industrial infrastructure in place tp 
draw rapidly on these new technologies when they 
will be peeded in the 1990s appears to. require exten- 
sive comijiercial effort in the ijear term, ; 

By and large, even if ri^ifmal economic incen- 
tives were developed after 1985, it wpUl^jb^Joo late 
to establish the scale x»f industry (5 ip lb million 
barrels of oil equivalent per day) needed by the end 
of the century to hold oil imports |it current levels 
sinCe each plant needed would take S to 10 years to 
plan, design, site, and build. JFot the necessary hum- ' 
ber of plants to be op^iliting in the mid-l$90s, an 
industrial base on the order of 1 million barrels pei", 
day may have to exist by. 1985. But uncertainties:^^^^^^ 
, about regulatioifs, environmental imi>a^^financSn]g;> 
labor, ' product pricing, and transpqrt£^f^ must , be 
resolved before these decisions, can be"' made, and 
resolving these questions teqwres the construc^lbn 
and operation of a 'limiM nuqxjb^ and range of 
synthetic fuels plants in the next 5 to 10 years. . ; 

To detenKiide the viability of . initiating a limited 
number of syntl^etic fuels plants tl^e^Synthe^d^Fuels 
Interagency Task Force* carrifiSl'out preliminary eco- 
nomic analysis. In that analy^^^t wSs found that The 
netr ecohoniic benefit of suc)^> plaiits depenclf^ the 
ongoing strength of the OPEC (fairtel, tfil^^i^!^|u 
price competitiveness of synthetic fuels, t|ie 'tflfflb^ii^e 
of technology and economic$:^6f ^cale in reducing 
the cost of synthetic fuels, and t)^ U.S. energy posi- 
tion in 1995. The results of that analysis showed^ 
that, on average, a slight ($1.65 billion) net negative 
benefit would accrue from the first phase of, an action 
program to develop a synthetic f uel jcapaci^ of 350, 
000 barrels per da^ equivalent, compari;^. With^rp^^^ 
program. Moreover, this benefit ^.became more nega- 
tive as the program'grew tp 1 .0 and 1 .7 itiillioh bar- 
rels per day equivalent, assumingia 50*5,0 probability , 
that the OPEC cartel would not retain its present : 
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, sngth over the 'next 10 years. However,'the analy* 
'sis did not includfi^ other, nonquanti^^ble bene&ts that 
• might accrue tc^e U;S, as a result of undertaking a 
program Such<^'^!^ <a) the international leverage im- 
proved bargaigni^ positipn associated with positive 
U.S. leadership III developing alternative fuel source^;- 
(b)^the impaci^otfgndustty of government siq)port 
Jot synthetic ftiels development; (c) the poljtica^ as 
wipU as economic value of a decrease in world oi| . 
'^f^f ices. paid by importing nations; and (d) possible 
weakening of the cartel strength (this was ass^ssei^ as 
negligiBle). " * ' - . \ - ^ 

The Interagency Task Force concluded that the ' ' 
value of t}iese four nonquantifiable benefits makes a 
limited synthetic fuels program worthwhile. Further- 
more, the .program to be discussed later has posi- 
tive benefits greater than those calculated by the . 
Tfisk Force because of the elimination of synthetic^' 
crude from coal from the plant mix analyzed. TliisX . ■ 
technology i^ the least cost efficient of all the proc- y ] 
esses exan;)ined in the analysis. Currently, the recom- y- ' 
mended first phase of the program does not include-^ ,.r 
.this technology until the results of current R&D ; 
e,fforp on coal technologies are known. .\ 

Action Program 

With the clear need to move ahead in laying 
the foundation of a synthetic fuels industry, *the Ad- 
ministration supported a formal market penetration , 
program in 1975. The major objectives of this Syn- 
, thetic Fuels Commercialization Program are to: 

• Lay the groundwork for developing ari industry 
infrastructure by: 

° — Investigating and acquiring information on en- ^ 
vironmental, economic, institutional^ tephnical, ' 

' \\ ^and other potential problems ^ 

-r-Oatheripg and reviewing information on t^^^^ri^ 
vate sector's experience in the synthetic' Mej^ • 
field ^- , ^ 

• Develop an energy supplement to '^Tcisting and^ 
planned domestic energy production v "'^'t^ 

• Improve the^: Nation's international ^adership \ : 
position in energy development by demonstrating 

^ our ability to tap our vast resources. 

The ^i^^fpgram would entail two phases. In the 
first, of Iif^t^ation Program pha$e^^350,000 barrels . 
per day), ^^pir'oximately 14-19 '^^bmniercial-sized , 
demonstration plants^^vv^oul^ be o^^structed, including 
facilitief^s for high-Bttr^coal gasification, oil shale con- 
version, Substitute utility^^ industrial fuels, and con- 
:v^si6ni' of waste mate^iBpl to liquids and gas. This 
fifst'pji'a^ie df the program w^ld demonstrate and ob- ' , 
tain infornj^tion on the technical, economic, and 
ei^virpapnental. feasibility of ''synthetic fuel plants,' 
using xiiffereiit^kvailable energy resources and tech- 
nplogies. "\ ? t 
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Typ« Vlant 



Ta^ie 11^8 iiiustrative Plant Mix 



Numb«r 



Est. Production 
Capacity — Each Plant 



Affactlns 
Industry 



1 High*Btu Coal Gasification 


- 3 


40,000 BPDE 


• ^pffkWne Gas 


Oil Shafa Co^^^on ' 
Blomass Ci^Vai^^^^ 


2^ ; 


10,000.toj50,000 BPDE 


. Petroleum 




5,000 to 25,000 BPDE ' . 


' Utilities/Industrial Users 


, 3-5 


^* 1,200 tqrl6,000 BPDE . 


« Various 


Totals — * 


14-19 


350,000 ' , 


'* . ■■->■' 



To illustrate, one p665ible *planf technology/ 
resources is shown in Table III-8,* • 
>, In'carryihg out the first phase of the synthetic 
fuels program, the Federal Government would reduce 
fifliancial uncertainties by providing limited economic 
ini?eiltives to the private sector to construct and oper- 
ate itie commercial demonstration plants. The Gov- 
ernment would also provide limited guarantees or, if 
necessary, assistance to localities for needed socio- 
economic infrastructure planning and development. 
Finally, the Government would help expedite the 
constructioii of the "i^lants by facilitating th^ neces-^ 
sary federal regulatory permits and clearancefs. 

The program might be expanded to 1 million 
^ barrels' of oil equivalent, per day during the second 
phase,- if the energy situation warranted and if the 
environmental, social, technological, and production 
cost problems were sufficiently tractable. However, 
this decision is not anticipated until 1978- ]i 979 and 
r would depend on overall enfergy RD&D results, in- 
^ dustry response to ike program's first phase, and the 
^i*^^ results of infprma^on on environmental and other 
impacts. . 

In addition to laying the groundwork for a 
viable synthetic fuels'* industry, important RD&D will 
be carried out' on advanced synthetic fuel technol- 
ogies. These efforts woul^ support development of a 
number of synthetic fuel processes in parallel, mov- 
ing from basic ^&D in fhe laboratory, through 
process development units (PDUs) and pilot and 
demonstration plants, to market pehetration. A sig- 
nificant number of liquefaction and gasification 
PDUs and pilot plants are currently operating; addi- 
tional PDUs and pWh^ plants are being designed pr 
'arc under construction.^ Finally, a contract for a 
clean boUer fuel demonstration plants (COALCON) 
ha^ been let, and the plant is being designed. Addi- 
tional' contracts— for high-Btu and low-Btu^demon- 
; stration plants — will be initiated shortly. 

In parallel with these legislative, budgetary, and 
administrative actions, ERDA is carrying out a pro- 



id 
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* The ^actual plant number and sizes may vary from this 
estimate, depending on the proposals received from inter- 
ested firms and final environmental impact statements. 
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grain, still bem'g formulated, will include, a number of 
efforts, SH^h as measurement of ^ater quality at test 
sites and^the prediction of degradation resulting from r 
commercial operations; investigation of options that 
minimize tfie need for water; development of im- 
proved recycling and effluent treatment techniques; 
and evaluation of process and by-product pollutants 
and associated health effects. Jn addition, assessments 
of the potential health impacts would require envixv j; ; 
Onmenfel and health information which involve both ;? 
short-term and long-term studies. Data from these • ' 
Studies are necessary for setting appropriate regitla- 
gram to address environmental concerns. This pro- ^ 
tory standards and' for the design of effective Control 
technologies, including incineration, collection-dis- 
posal, and chemical absorption techniques. ■[ 

Investigations into revegetation dynamics and 
plant species selection are continuing. In situ proc- 
essing of both coal' and oil shiale is being given con- 
siderable attention. However, the in ^iiu approach 
would leave most of the solid waste produqts in 
place. In addition, there could still be problems of 
land subsidence, hydrocarbon and particulate emis- 
sions^ through^: the fractures, and contamination of 
aquifersl t?SjtudieSs-of oil shale fo^ation and kerogen 
content tfnd the characteristics of pollutants, seam 
size, and associated underground aquifers are being 
conducted. 

Efforts also are under way to establish air pol- 
lution control requirements to prevent, or minimize 
environmental pollution from production and use of 
> synthetic fuels. Initial 'efforts in the^ogr^m are. 
concentrate^^ . pn assessing the potential . environ- 
mental "effects of . the coal-conversion processes. 
Control tedinology aimed at controlling sulfui- and 
particulate emissions from hot, acidic gas streams is 

also lihder development. . 

, <» 

Specific Steps in Action Program 

Moving ahead with the first phase of the market 
penetration program requires a series of legislative, 
budgetary, and administrative actions, including^ 
• Legislative authorization of the limited financial 
incentives to be awarded to the private sector for 
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> Table III-9 Geothermal Resources — Estimated Recoverable Hitet wl^h 
Present or NearTerm Jechnology wMi|i^ Regard to Costf; (In Quads) ^ 



RESOURCE TYPE 




T-** 



INFERRED 



STATE.OF TECHNOLOGY 



HYDROTHERMAL CONVECTIVE'* 
VAPOR DOTVIINATED(>150°G) 
LIQUID DOMINATED 

HK3H TEMPERATURE i>15d°C) ^^^ 
-LOWTEMPERATURE(90°-15P°e) > 



GEOPRE$SURED 

ELECTRICAL UTILIZATION 
METHANE PRODUCTION 



HOT DRY ROCK 
MAGMA ++ 
7OTAL ' 



2 

20 
80 



100 
500 



.80 
80 



--900 



110 

2150 



230^ 
1500 



240 
240 



-2500 



CC5>y«MERCIAL 

TEST PHAS^ . 
TEST PHASE 



EXPERIMENTAL 



EXPERIMENTAL 
UNEXPLORED 



GRAND; TOTAt (KNOWN PLUS INFERRED) 



Y — 

3400 . 
QUADS' 



. • NORMAL ORAOIENTS ARE NOT IWCLUOEO AT THIS TIME AS THEY ARE NOT 

PRESENTLY CONSIOEREO RECOVERABLE. 1 QUAO-10*° Btu't. 0. 

••DOES NOT INCLUOE LESS THAN 90^C SYSTEMS, ALTHOUGH SUCH SYSTEMS MAY 
BE ECONOMICALLY EXPLOITABLE ESPECIALLY FOR NON-ELECTRIC APPLICATIONS. 
>AS3UMINQ 2% EXTRACTION RECOVERY, 8% CONVERSION EFFICIENCY. 

++MAOMA RESOURQfS MAY BE RENEWEO BY NATURAL RESUPPLY FROM THE INTERIOR 
OF THE EARTH; THEREFORE, THIS ESTIMATE MAY BE CONSERVATIVE. 



SOURCE: DEFINITION 
REPORT: GEOTHERMAL 
ENERGY RESEARCH, . 
DEVELOPMENT AND 
DEMONSTRATION 
PROGRAM,(ERDA<86), 
OCTOBER 1975. 
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demonstration plants. Although loaif^S^'arantees' 
are essential, pnce guarantees and grant authority : ' 
may also be needed to ensure all nyjor syntheticyti 
fuel technologies and the important types of re- 
sources are included in ,the program'. If needed, 
price guarantees and grant 'authority would be 
sought under the authority of the Nonnuclear Act. ^ 

Legislative authorization of th^ limited financial 
guarantees to localities fo^ needed socioeconohiic 
infrastniicture as well as assistance for planning 
and development. Th^'c6uld be in the ^rm of 
guarantees of local government debts inciirced to 
provide the necessary infrastructure. 
Continue the necessary environmental studies that 
will ensure environmental acceptability of a com- 
merical synthetic fuels industry. 
Evaluate mechanisms to expedite^ federal ^regula- 
tory permits and^clearances. ' 
Administrative action to ensure the technologj^ 
demonstrated by .the program will be^ available to 
all interested firms at a feasoiyble cost. , 



Geothermal 

" ' The Nation's geotbermal resource base is one 
the largest potentiar domestic energy sources. As 
estimated by the U.S.G.S., ERDA-86,* reported the 
total heat content of the accessible geothermal je- 
source base (depth less than 10 km) to be about 
600,000 quad^ excluding the highly diffuse "Normal 
gradient" resource. However, only a small fraction of 
this base is recoverable in ussMe form with presently 
foreseeable technology. On the basis of conservative 
assumptions of extraction and conversion efficiencies 
the total recoverable energy from this base, with 
near-term technology but> without regard to cost, was 
estimated to be only about 3400 Squads, which is still 
about 45 times the total U.S. energy consumption in 
1974,** as sho^iKln Table III-9. However, as csti- 



« Definition Report Geothermal Energy Research, Dcrel- 
. opment and Ekmonslratioa Program, ERDA-86. . 
However,^ '^ignijicant proportion of these resources exist" 
away froifv population centers and thus may not be fully 
exploitable. ^ • 

• - ■ ■ » ^ . , • ,o ' 
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mated in'ERDA-48 
resource (reaching a^ 
S quads by the en 
extractabljs over th^ 



a small fraction of this 



fiual level of approximately 
j)f the century) is estimated to be 
next 25> yedrs, Economic ex- 
ploitadon of this Jes£ )urce win require the ;reduction 
of technological zaid nnanci'al nsks, the reduction or 
removal'of a nu||pber/of institutional barriers, and the 
V development of ^ tecnnology to ^provide acceptable 
control of possible e!nvironmental problems'; The lat- 
ter, oftflin siter or /ype-spoWij^crr^ci^e subsistence, 
brine disposal, and the eii||^ n65cious or toxic 
substances, such /as hydrogen sulfide, in varying 
amounts, o . 

Only the 'Vapbr-dominated hydrothermal re 



The reasons impeding the commercial develop* 
ment are prfncipally threefold: — 
L Lack of relialile, detaOed^ resource information, 
e.g., on the changes in tli|p characteristics of a 
^ reservoir resulting from energy extraction 

2. Lacl^ of proven domestic teciinoiogy for use 
with all but one type of recoverable resource, 
the v^por-(}ominated hydrothermal ^ , 

3. Legal antf^ regulatory complexittes involving leas- • 
ing, resoufCe^ownership,, water, rights, taxes, and 

' th^likeV^ - , * ' ' • 

( 1^ addition, insufficient knowledge o{ possible^ , 
environmental impacts ahd the lack of pro>^n cOn-; 



source The Geyse«^ in Cahforma) has been eSt^ trol techniques for all but . the Vapor^dominatcd 
nomically exploited the U.S. This type of resource . - . 

is rare and amounts io only, a few percent of the 
known or inferred total gepthermal resources. The 
more extensive liquid-jdominated hydrothermal 're- 
sources have not been] exploited la any degree for 
powerl production in t^e U.S. (although there has 
been some foreign experience, using techniques cur- 
rently not environmentally acceptable in this coun- 
try). A few hydrothermal development efforts in the 
U.S. are in the technology verification or pre-pilot 
stage, but tjie technologjii for tapping the larger geo- 
pressured resources along the Gulf Coast is .in the 
stage of engineering feasibility studies. Commerciali- 
zation of geopress^r^ ic$sourpes will probably follpw 
that of hydrothermal[^%hus, the liquid-dominated 
hydrothermal resourdies represent the pHncipal near- 
term opportunity for exploitation. It awaits' the de- 
velopment of improved versions of existing reservoir 
assessment, extraction, and utilization technologies, 
and the solution or abatement of a number of en- 
'Vironmental and institutional problems, as discussed 
below. ' 



Implementation Barriers / 

Bqcause the costs of extracting energy and of 
controlling environmental - impacts vary greatly 
among tWe different types of hydrothermal reservoirs, 
mature technology will be directed initially at the 
development of the most favorable, known hydro- 
' thermal reservoirs. For some site9, based on an 
extension of foreign technology, the cost of elec- 
tric power generated by geothermal resources has 
been estimated at well below Ihe cost of power 
produced in conventi^al cToal or nuclear plants. 
However, uncertainties about the actual power pro- 
duction Costs and reservoir lifetime associated with ^ 
an untrie4 geothermal site, as well as the basic 
uncerUunties of a new technology, have' discouraged 
moit iRilities from proceeding with geothermal en- 
ergy development. And the few utilities that have 
taken an interest have'had little success in attracting : 
support from public utility commissions, lenders, ot^v 
investors. 



hydrothermal resources inhibit rapid commercnl 
development. The environmental issues fall into 
three areas. 

First • geothermal development may pfodijce 
seismic disturbances and subsidence. Reniovarbr 
^ hfijection of massive quantities of water may result ^ 
An seismic activity, with effects varying from site to 
c^site. Withdrawal of water, may also cause subsidence 
as reservoir pressure is decreased, unless appropriate ^ 
control measures' are taken, such as brine reinjection^ 
Data required to predict subsidence rateiand- 
seismic' activity are currently iufavailable. Potential 
seismic activity at each site must be assessed aind the 
potential effects of withdrawal or injection of large 
quantities ofi water analyzed and monitog^. Ground - 
levels must be monitored and base linerestablished 
with predictive modeling prfor to develbpineht. Re- 
injection technologies must be explored as important 
environmental control measures. ^ . * 

Secondly, , quantities of air pollutants released 
'from hydrothermal activities^are not known. Hydro- 
gen sulfide, emitted in large quantities is a significant 
pollutant because of its toxicity and disagreeable 
odor. Mettiods of treating large ^as volumes with 
low HsS concentration^ must be ^developed. 

Third, where a fresh water aquifer pccurs above / 
a geothermal reservoir the fresh water Could be con- ' 
taminated by tapping^'the geothermal strata. Valine 
waste waters cannot be discharged into * surface • . 
waters without treatqnent. Subsurface reinjection of 
brine-liquid effluents may represent a significant 
control measure not only for brine disposal^but also 
for subsidefice; although it may be accpmpihied by 
other environmental problems such as seiimic dis- • 
turbances (see above). " ; • • - 

^ When such. reinjection .is not feasible or desir- 
able^ surface treatment and disposal miiii be con- > 
sidered. Because it may also introduce trace con- . 
t^jnitiants, removal of toxicants must, be effected ^nd 
eciyii^onmental impacts of effluents oii fauna and 
fiOFaVmust'be determined. HUnless adequate controls 
-aire dievised and implemented, the associated water 
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pollution problemst'ma^ inhibit ^^development of geo- take the development' of the other forms' of 
thermal energy, .. / ^ . geotheirmal resources, such as the, still, larger gco- 

ERDA-86^^iil^ estimated that; wjthout Federal v^F^s^^red and hot dry rock types. (The "mbmen- 
involvement, only about 1,500 MW of geothermal. -^^^^^^ is based on thei current judgment 



power would be on line by ,1985. Most of this would 
Result from the planned expansion of ,vai^r-domi- 
nated geyser fi%ls with United ' additions of 
liquid^ominat^ hydrothermal resources in south- 
em California and scattered small-scale, nonelectric 
applications in the western U.S. 

r Strategic Approach ^ ' ' ' ' , 

^Although the^oiGLCessiSty detailed analyses of the 
^various types 'of gedtheilnM tesoiirces h^ve not been ' 
completed, it appe^s^that the development of geo-:^ 
thermal energy may have an attractive positive , 
rate of return. However, as perceived by private iB-v . 
vcstors, who make conservative estimates of tech- 
nical and other risks, this rate qf return seems mar- 
ginal. Government-sponsored studies of the more' * 
economically attractive hydrothermal resources sug- 



that breakthroughs in ah already generally under- < 
stood technology are noy probable; rather, as 
additional experience is acquired, sustained and sys- 
tematic performance and cost improvemerfts is ex- 
traction and utilization will^ accrue.) However, to tap 
these resources,, the necessary technology,' which is 
improving and is blosel/ related to that already in 
operation with .vapor-dominated resources, must be 
brought to fruition. Parallel tQ . efforts to accelerate 
market penetration. Government RlMtlX wo^d assist 
in bringing the technology for the advanced gco- 
pre^red and hot dry 'rock' sources to comparable 
maturity. ^ 

Thi|d, the 'Federal Government can act as' a 
catalyst, or "broker" in formiqj|. a consortia of insti-^ 
tutions needed to comme^ialgfQthermal resources-^ 
i.e., electric utilities, resdurce^ development conii- 
panies, specialized equipm't^nt manufdctpren, and 
local government. 



gest that these could^ where available, provide elect 
tricity at cdhapetitive prices. Equally important, 
capital coSts of installed hydrothermal capacity arcs^ Although electric utilities are not suited to 
expected to be competitive. As in any unproven \-^©nducting the exploration,^ drilling, and production 
technological area, significant uncertainties exist in - operations becausit bf regulatory constraints, they 



the economic analyses dnd sufficient analysis has not 
' Ijeen done to derive predictioAsjof expected rates of 
return that will, be accepted *by utility decisioh- 
'makers'and private investors.. 

Nonetheless, it is ERDA's current Judgment thai 
the geothermal. resource will prove to*w 'a comil^er 
daily attractive source of energy. However, the 
vate sector has not utilized the geothermal resou 
beyond the limited dry ^team type because of existing 
barriers. Bpth^ utilities and resource companies will 
have to coc^rate in. individual projects. ' ^ * \ 
To address this impass^.,, a limited and targ^fted 



^ are necessary consortia participants because they 
* form the largest single market that can be immedi- 
ately identified. Other possible user* industries, such 
as those requiring process heat or those that cbjudd ' 
use geothermal heat for space heating and cooling, ^ 
are more diffused and less readily identifiable/ ;but 
form an important future ma^et for gebtheniiAl^ 
energy and should be included. 

The oil and gas industry is the most prominent 
candidate among the resource developers because it. 
has basic commitment to energy supply, expertise in .! 
the technologies of resource discovery and extrac- 
tion, the equipment (or ready access to the equips 



governntental program co^ia?^ help a •fledglingfindus ... 

try oyei^lhe initial barriers 'andi permit the Nation^^. ment) necessary for discovery and extraction, and 
as a lii^li^e^^ realize geothcrijiil's full potential. Th^ access to the capital required tb support the effort. 
strate£ii6^;: a^^ govcrnin^'.\. commercialization .XSher possible resource 'developers, whose* problems 



efforts would encompass four pH^cipal elenrent^. 

First, the Government would'^ assist the private 
sector in identifying and yerifyifig the - extent ^nJ 
lifetime of usable geothermal je^ourfces. This assist- 
ance, consisting of the U.S. Geological, Survey's re- 
gional and national assessment of 'geothermal < 
resources, the development and testing of .improved 
exploration techniques, and an accelerated leasing 
program to imprcJve the' availability of Federal land, 
would lessen the uncertainties and risks now con- 
frontinginvestors. • 

. Second^ Government would assist industry in 
utilizing the sizable hydrothermal resources. Greatei: 
utilization of hydrbthennal resources will enable in- 
dustry to gain the momentum necessary to under- 




i^ilsb* will be considered, include the minerals industry 
and the specijgflized exploration industry beginning 
to form arc^und'geothermal energy. ^ ; / 

Unlike most other energvresourQes, geothc , 
energy is n6nti'aAsp|)rtable.f:ft|his aspect alters inf^^ 
traditional perspective of nf^rket. The develop^^^^ 
no longer ha^j^^ large e(omdtal^t^ et %^ 

his^ resource; ^ath(B>, he m^^ ^^ft' it \to ^'^^/^fl?^ 
cific users able to ^xploit^t .^^af^M^ 
M)f the resources '' and #iiy^^^ 
specific * site ;oV iht \ resouftce! * The uscf ho Iftnger 
a lasge iitarkct froni vyhTch to* draw his energy; 
rather, he raUst- accept this specific respurce^nd its 
finite limitatibii^ and deal with a ;sin|Je developjcr. 
He also' m*ust accept t'lie specil&'site, thereby losjpg 
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all flexibility in location; availability of services^ such 
9S transportation, transmission line location, and the 
public services; and- proximity to markets. (This 
situation is comparable to that for hydroelectric 
p6wer.) The community, in permitting the develop- 
ment of the resource, must accept the impacts not 
only of the extraction of the resource, which can be 
relatively easily foreseen, but, also of its use, which 
are not so easily foreseen and can be major. Thus, 
three parties — the developer, the user, and the com- 
munity — must have individual perceptions of {profit- 
ability before de^lopment can proceed. 

The Federal Government would play this bro- 
ker role in two \^ays. A planning and program up- 
dating effort would acquire information and develop 
potential geothermal utilization growth scenario^, for 
high-payofi regions. The regional cost/benefit and 
socioeconomic analyses performed as input to this 
planning would spul" action in the specific cases and 
h^^'determine Whether Federal assistance would be 
beneficial. In addition, and growing out of the plan- 
ning, Federal Assistance may tie provided for high-* 
leverage cases in one or more of four forn^s: (a) 
direct contracts with industry; (b) cost-sharing 6f- 
RD&DT)r demortstraiion projects with industry; (c) 
loan guarantees to obtain necessary capital; and 
(d) accelerated leasing of publip lands. . 

The fourth^ element of the Government's stra- 
tegic approach is "seeding." Specifically, the Gov- 
erni^pnt may provide the . above forms of assistance 
to develop the prototype plant (i.e., the first of 
many) in resOurce-rich fields. Given the nature oi 
geothermal technology that mtikes numerous mod- 
erate-sized plants (e.g., 50 MWe) more appropriate 
than a few Tkrge plants, the experience gained from 
developing a prototype may be transferred quickly 
and 'economically to construction of the remaining 
plants in the field. In this way, limited' Government 
assistance could help industry acquire first-hand ex- 
perience and facilitate the development of the,indus- 
trial-banking-user infrastructure. 

Action Program 

The action program necessary to effect this^ 
strategic approach will consist of five steps: 

* DOI will evaluate Federal lands for geothermal 
(' leasing, issue leases, and administer and supervise 

leases. The role of the Bureai^ of Land Manage- 
'ment is to encourage the utilization of geothermal 
reservoirs by designing ahd implementing an eco- 
n^Mkally atlfi-active leaskl|. program. 

• ERE^^ will carry' out programs to establish the 
tecHnici^t economic, and environmental acceptabil- 
ity of geotRermal technologies. 
Regil^nsL ^"^^y^i^ ^^^^ ^ undertaken to deterpiine 
the mat&l^^betweeri geothermal resources and 
needs withmtiie'rCgioiiX • 



• The geothermal loan guaranty program is being 
developed to facilitate the availability of risk 
capital to the geothermal industry; alternative 
economic incentives will be analyzed and recom- 
mended when in*the national interest. 

* Studies to determine the enviroi^^ental and socio- 
economic implications' of the application of geo- 
thermal technologies .will be^ carried out, and 
appropriate control technolo^es, standards, regu- 
latory policies' and planning methodologies will 
be developecf. / 

Solar Heating and Coaling in Buildir^gs 

^^ Solar energy is a very large, nondeplctable, 
domestically available resources for the ^Utiited 
States and is now virtually untapped. Among the 
numerous possible technologies for applying solar en- 
ergy for U.S. energy requirements, direct>heating and 
coolifig of buildings offers the best opportunity lor 
earlj^ large-scale application and commercialization. A 
substantial market potential is present because about 
one- fourth of the totsil national need is for building 
operational requirements' and 80 percent of that 
usage is for ^pace temperature control and heating 
water. Since most of these requirements are now 
dependent on the use of depletable fossil fuels, either 
directly or through generation of electricity, wide- 
spread use of solar energy to heat and cool buildings 
can substantially reduce such dependence. Specific- . 
ally, the installation of 'solar heating and cooling 
systems in about 1 percent of the present buildings 
in the United States would save the equivaleih of 
about 80,000 barrels of oil p^r day. If 10 percent 
of the , then-existing buildings were solar equipped 
by the year 2000, oil-equivalent savings of about 
1 million barrels o( oil per day — or about 2 quads- 
may be realized. 

The liastc technolj^«^or using solar "energy -at 
low temperatures is reasonably well understood. 
Significant numbers of different types of system^ for 
space heating and water heating are being rapidly 
developed, tested, and installed. For example, more 
than 360^ solar-heated buildings are. completed or 
under construction in the U.S. The total production 
of solar collectors in 197S was in excess of 700,^000 
square fe^t. *The cost of the installed systems in 
1975 is estimated at abdut $10 million. 

Results of economic analysts indicate that, for 
fuel costs in the $ 10->per-million-Btu range (equiva- 
lent to about 3 cents pier KWh — which is near the 
Average electricity cost fn the U.S.), solar heating 
system .costs must be below about $15, per square 
foot of inst&lled collector. 

Although little lon^-term perfgrmance data 
exist and only general interim standards hav<^ been 
implemented, recent studies indicate that some sys- 
tems ar^ beginning to be marketed at costs well under 

'k 
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$15 per square foot Qf installed collector arest^basdd 
' upon ^prices bein^ quoted by at least one manufac- 
turer). However, other recently completed buildings 
show system costs ranging from $10 to $20 oj more 
per square foot of installed collector and cost^ of 
^ome experimental, high perfonnatfbe heating and 
cooling systems appear to be on the order of $20 to 
$SOj>er square foot of installecl collector area. Sig- 
nificant iljuestions, of courSS, remain concerning the 
reliability, operating effectiveness and maintenance 
^ of these systems over their projected lifetimes. -.f)^ 
''^ Present ^systems, thei^ are commercially com- 
petitive in only a limited range of applicatbtts and 
^ geogi;aphic regions. If the use of such systems is to 
i gro\vv it will w necqssary for the private sector Jtnd, 
in some instances, the Federal goveniinAint^'fto con- 
tinue new-technology research, but also- fifl^^'efine the 
. ^^)present technology and to demonstrate '^its practi- 
cality. ' ' 

Whili solar heating and cooling h considered 
an environmentally beneficial tedinology, a sys- ^ 
^ tematic assessment has not- yet been completed of 
direct and indirect environniental issues of the solar 
product* life cycle. The production o^ ecohomio, 
componenfe^r solar heating and cooling systeips 
may be preceded by the development of ney ma- 
terials and equipment. Emissions and rnUter^s use 
related to fossil fu^ consumption must be U^anced 
against increased, (and rtew) environmental impacts 
and materials requirements from the solar igjlustry. 

Implementation Barriers • 

The principal barrier l;o successful commerciali- 
zation of ^solar systenvs is their lack of economic 
competitiveness with available^ CQ(iyenfional systems 
and fuels. Except in special cases, present solar heat- 
ing ^and cooling systems must be used in conjunction 
withf normal-sized convgptional systems <o 6^&uTt 
that continuous hot w^ter and space conditiorting 
are provided dujing extended periods of reduced' 
sunshine. Thus, over the near term, solar systems 
will generally require substantially larger invest- 
ments, than conventional systems. The extent of 
such additional investmefit and the speed and method 
of payback (by operational fuel savings and in poten- 
tial property value enhancement) are crucial to suc- 

- cessful market development. Competitive Use of solar 
sy sterns is contingent upon many factors, including the 
unit cos^or purchaseWhd installation of available 
solar equipment, thct climate and average available 
.sun flujiR the initial and operational cost of conven-* 
tkmal heating 2Lnd^iffpo\\ng systems, the cost' of the 
V aqf(Mo>^al conventional Cjnergy, and the availability 
of capital funds., 

;^If solar heating and cooling technology should 
•becoiTie econoipically advantageous (through either 

' cost-effective improvements in solar technology or 



cost increases in alternative energies), it will be con- 
istrained by other barriers including two that are in-. , 
herent in any technology innovation ii^e construc- 

' tion industry. Firsts home or building buyers show a 
marked preference for lower initial dtwts. TJierefore, 
^because solar heating arid cooling systems typically ^ 
Require higher initial e^jpenditures, the average .hcane- 

. owner mu)»t4>e convinced the syf^(m provides suffi-«; 
ciently rapid^ opera tiortal.i-eUims iOr enhancement of 
property values to justify the additional investn^ent. 
Second, there generally is a strdng reluctance by 
speculative builders, developers, lending institutions, 
.and other major components of the construction in- 
dustry to accept the risk of introducing a ndv tech- 
nology to an already high risk injdustry. The^roblem 
is intensified by the current absence of consensus 

' standards on ^construction and performance, modifi- 
cations in current cojistrucjion practices, and lack of 
information on systems reliability and maintenance - ♦ 
requirements. 

Other institutional, ' Social and legal barriers 
that must be overcpme include 'the definition of 
appropriate land u§e r!^laaii«?s; air and- sun rights, 
and "building codes, ai^ 'well as acceptance of the 
unfamiliar ■ solar technology by mortgage lenders 
'ajjid insurance groups. 

Strategic Approach 

The /overall goaP of the Federal program/^r 
solatheating and cooling is to stimulate the advance- 
mentt)f an industry to produce, distribute %nd serv- 
ice solar hardware for hot Water heatjing and space 
'heating and cooling for residentialSnd commefSIll - 
buildings. The Government will conduct its pro- 

■ gtams to encourage th^^articipation- of industry 
organizations, consumer groups, and state and local 
govemmentr The program is ^structured to demon- ^ 
strate the practical use of solar heating technology 
by/the end of 1977, and to demonstrate the pr^cti- . ^ 
cal usi of combined heating and cooling technology 
by the end of 1979. This will be' accomplished by ^ 
series of cyclical ^monstration projects applicable 
fo new and existing buildings, , and by research and 
development to advance solar technology. The first, 
two cycles of, demonstration projects will concen- 

^ trate on space heating and hot water supply for 
both residential and' nonresidential buildings, aYid 
subsequent cycles will emphasize combined space 
• heating and cooling "apd hot ^tcr supply. The 
• RDikD program is^ designed to yield components - 
having lower cost, |[reater durability and improved 
performance, as- well as a significant advance in the 
ability to predict the performance pf solar systems. 
Improved systems shpuH^'Beable to reduce, and 
perhaps ejiminate th^need for conventional backup , 
systems. If program objectives are met, the market 
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could be increased to 10 percent of the new build- 
ing starts in 1985: ^ 

Action Program * / . c 

^I^Sriie major elements of the Federal program in- 
clude: ' , 

• Residential Demonstrations 

• Commercial Demonstrations 

• Development in Support of the Demonstrations 

• Research and Advanced Systems Development 

• Collection and Dissemination of Information 
Additional Policy Measures Required to Achieve 

o Rapid and^Widespread Utilization. 

j Chief among the program elements is the 
c^monstration of working systems to be carried-^ut 
in close conjunction with private industry. Solar 
heating and cooling systems are planned to be in- 
stalled and Operated in several cycles through 1979 ' 
in a number of commercial buildings^ and residential 
family units to test specific systems in specific build- 
ing types and under various climatic conditions in 
the U.S. Both new construction and retrofit systems 
are jilanned to be demonstrated, including many 

• types of passive systems. 

A heavy emphasis will be placed upon the in- 
volvement of small business in the demonstration of 
solar heating and cooling and in research and devel- 
opment to produce improved systems. Involvement of 
si)}^)business isi,w|ll ^bove 50 percent in most areas 
of the /Federal program. The unique capabilities of 
small business organisations are recognized in their 
high 'innovation rate, lower organizational inertia, 
and flexibility in meeting local and regional needs. 

Xl^i^ multicycle demonstration program, in 
whicHF iiUD will manage the residential applications 
"^ile ERDA manages the demonstrations on com- 
niercial bjiildings and proj/ide the necessary experi-, 
ence witt^ viable applications. This, in turn, wtll rio- 

information necessary to improve solar heating 
and cboling systems for use under a variety of con- 
ditions. The' later pirkses will demonstrate cooling as 
j^ell as Seating systems. Efforts are intended to . 
produce a substantial reduction in the installed Keat- 
ing cost. The demonstration program will also pro- 
vide intdrmation'' on system' reability and mainten-. 
ance, arid hplp to establish needed construction and 
operating standards." An additional requil^^ent for 
early commercialization is the fieed for consensus 
*standafr4s. EflDA is working :^ith professional and 
trade organizations^such as ASftRAE'.and ANSI** 
to develop such standards. The cftimonstrations will^- 
also provide, substantive experience Jfor identifying 
and resolving legal and regulatory/* problenls, andl^ 



will exhibit the ^nature of applied solar technology 
to potential users and lenders. Also, they will provide 
an opportunity to identify and resolve operational 
and jurisdictional problems .within the construction^ 
industry. 

A comprehensiVei^socioenvironmental assess- 
ment for the national sofar energy program, including 
heating and cooling, is under p$]Qparation and is due 
in September 1976. This study ^ill help verify bdie- 
fits and Identify any possible deleterious impacts of 
solar space heating. 

In parallel wiUi the commercial and residential 
demonstration programs, a Federal Buildings Pro- 
gram is being developed by FEA and ERDA. The 
basic aim is to encourage all Federal agencies to use 
solar heating (and potentially solar cooling) in their 
buildings if a life-cycle cost analysis- indicates eco- 
nomic viability. "ERDA is working vvith FEA to im- 
plement the project, wherein ERp A can . provide 
additional e^tperience by solar heating and cooling 
demohstcafipns on Federal buildings and increase the 
early market for solar equipment. This, in turn, 
should accelerate industrial interest in pKKiucing 
solar equipment and stimulate solar appligroons in 
the commercial and consumer^ sectors of the 
economy. * 

Breeder Reactor 

The capability of the Nation to draw on nuclear 
energy to meet the cflectric and other energy require- 
ments of this dountry beyond this century will de- 
pend on having available a proven, environmentally 
safe^ commerpial breeder system by the 1990's that 
can effectively use total uranium resources — i.e. 
U-238 aswellasU-235.. 

The .Liquid Metal Fast Breeder Reactor 
^(LMFBF^ concept, 9 technology that has beeq 
demonstrated to be technically feasible, <is the chief 
candidate for meeting this need. Eight breeder reac- 
tors are in operation around the wodd" However, 
the LMFBR is not now a commercially viable Option 
that utilities can purchase to ^tisfy their electrical 
energy generation requirements. Specifically, several' 
technological areas must be investigated and the total 
. systetn concept must be demonstrated to be eco- 
nomically competitive and socially acceptable to the 



Nation. 



* ASHRAE-^^merican Society of Heating, Refrigeratii^n - 
and Air Conditioning Binders. , 
^* ANSI — ^American National Standards Institute* 



Market Barriers. , 

^ The specific technical, economic, and psycholog- 
ical barriers to currently markdSbg a breeder reactor 
are: 

• An insuf^ient eagineerihg base, which prohibits 
l^e nuclear manuftacturing industry from desigR0l^ 
and cMstructing safe, reliable LMFQJl Power 
plants and fuel cycle facilities in commercial sizes 
dt competitive costs.^i 
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• The lack of advanced fuel and corQ materials and 
the technical basis for producing, reliable and eco- 
nomic fuel, systems, which prohibits LMFBR 
power plants from generating new fissionable ma- 
terial at a rate comtnensur^te with the national 
growth in electric power dejiSftid. 

• Lack of utility operating experience to demon- ^ 
strate that. LMFBR systems will perform safely, ' 
economically, and reliably in a power generation 
network. . , ' ' 

• Lack of' public acceptance in LMFBR power 
plants and fuel cycle facilitiiis for safety, economic, 
and environmental reasoc»s. 

• Unknown capital costs which make the breeder 
system economically noncompetitive with other 
commercial power generation systems. 

Jhe development of a responsive overall pro- 
^am was addressed<in the Final Eim^ironmental State- . 
ment — Liquid Metal Fast Breeder Reactor Program.* 

In his review of this document, the Administrator 
of ERDA stated: 

"The FES shows that the major areas ^of unccr- 

• tajnty lie in plant operation, fuel cycle perform- 
ance, reactor safety, safeguards, health eflect3, 
waste management, and uranium resource avmP 
bility.^I find that the availability of sufficient infor- 
mation, to rCsolve these areas of uncertainty is 
ducial bc|ore ERDA\c^render a meaningful de- 
cision on the commercBHzation of that technology, 
i.e., the environmental acceptability, technical 
feasibility and economic competitiveness 
LMFBR technology for widespread commercial de-1|p^ 
ploymient. ERDA has programs in plj^.ce in each of 
these areas. Thei:.MFBR Program has focused on 
plant operation through the development of experi- 
ence in LMFBR demonstration plants, on fuel 
cycle^performance through its base programs of 
Juer cycle development, and on reactor safety 

- which is an ihtegral part ol both the plant demon- " 
stration program and^the base program. The o^her 
areas of uncertainty— safeguards, health effects, 
waste management and uranium resource avail- 
ability— are not unique to the LMFBR, and are 
being addressed generically by other programs." 

To achieve this, eight specific areas of investiga- 
tipn are now underway: 

1 . Components. Developing engineering compo- 
nent options with demonstrate]d capability for 
meeting thb saftfty, reliability and performance 
requirements bPlarge LMFBRs operating on ^ 
utility systems, with demonstrated capabifity of 
being reproducible, Economical, ^and nKinufac- 
tured within cost and schedule, j^r^^^] 

2. Materials. Developing structural materials and ' 
* '-design methods permitting economic Resign and 

, fERDA-lSaS of December 1975. ^ / 



operation of components at acceptable levels 
of plant availability and at up to 40-year life- 
time for inaccessible components. ' 

3. Physics. DeVelopingJ^design data and confirm 
computational methods with an accuracy suffi- 
cient to enabl^ specification of core loading, 
shielding requirements and control requirement 

^ for large LMFBRs factors of conservatism con- 
sistent with low cfesign cost, low plant costs, 
improved plant performance and competitive 
power costs. 

4. ' Chemistry. Developing instrumentation and 

methods for monitoring and cofitrolling cdrro- 
.sion processes and system impurities to levels 
that preclude 'degradation of component and 
system* performance oyer the plj^nt\life, and ^ 
develop processest^for removing sodium and 
radioactive contarnihation from components 
being repaired without affecting service Ijfe. 

5. Safety. I>eveloping and confirming analytical 
methods that will permit design flexibility rela- 
tive to current practice, allow greatef design 
confidence, improve efficiency and reduce costs 
and schedules, and to demonstrate the inherent 
safety of LMFBRs prior to a large-scale utility 
commitment to LMFBRs in the 1990V 

6. Plant Experience-FFTF, CRBRP and PLBIL 
Designing, constructing, licensing, operating, 
and maintaining LMFBR power plants on an 

• electric utility power generation network, 
thereby demonstrating the economic, safety and 
environmental advantages of the LMFBR con- - 
cept and establishing the industry capability to 
offer a salable plant in a competitive market. 

7. Fuels. Developing fuels system options with 
performance characleristics that will ensure the 
commercial viability of early LMFBR power 
plants and. that will enable achievements! 
doubling times of 10 to IS years as determined 
by energy growth after 1990. 

8. Fuel Recycle. Developing and demonstrating 
fuel reprocessing systems that accommodate all 
fuel system options and allQw for /the rapid fuel 
recovery and turnaround times necessary to 
ensure doubling times of 10 to 15 years. 

/ However, to ensure the plants are accident-proof 
affd environmentally acceptable, expensive design 
add-ons may be necessary. Therefore, several im|)or- 
tanta issues are under investigation which,, when satis- 
factorily resolved, will permit freedc^ to produce . 
more economical plant designs. 

In* his findings on the Final Environmental State- ^ 
nlfent^e Administrator stated further: 

"dn the basis of the material set forth in the FES, 
I find that if the reference plan and *its supporting 
programmatic eflfprfs are vigorously 4)ur8ued/ suf- 
ficient, information would be available as early aa 
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1986 to resolve the major uncertainties^; 
widespread LMFBR technology deploy] 
therefore, to permit an ERDA decisip^ 
mercialization of that technology." ' ' 



^ Action Program 

A's positive results are obtained from these in- 
vestigations, a series of reactor plants, will be de- 
signed, built, and operated to confirm ^the results and 
provide experience on a totaf reactor plant system. 
The Experimental Breedet Reactor-II has been op- 
erating since 1963 and the Fast Flux Test Facility is 
under construction, with ppcration due to begin in 
1979. 

In design is the Clinch ^River Breeder Reactor 
Plant, (with a §tart-up date of 1983), a cooperative 
venture with industry and the utilities. Target plant 
designs tHat will serve aS a ba^s for furthir coopera- 
tive projects are being developed. This will leacf to a 
Prototype Large Breeder Reactor that will provide 
experience with a commercial-size LMFBR. 

These programs and supporting efforts are 
aimed at permitting a decision by 1986, as to whether 
commercial deployment of the technology is accept- 
able. 

Fusion 

Drawing on plentiful deuterium and tritium 
found in the oceans as fuels resources, fusipn tech- 
nology, if practically developed, could provide essen- 
tially limitless amounts of energy. Accordingly, the 
technology was designated as one of the three high- 
priority loriger term energy supply technologies. 

With this technology, energy is produced when 
nuclei of light atoms are joined or fused into larger 
nuclei, with an attendant release of energy. For such 
to occur, light elemental nuclei in the form ot a 
plasma must be confined high densities and tem- 
peratures for adequate peVl^ds of time. 

The development aniJ?jgpmonstration of this is 
b^ing pursued along two different lines.- The first is 
an investigation of several magnetic confinement sys- 
tems; the second is research into inertial confinement 
by means ol energy lasers or electron beams. 

Magnetic Cdntinement Fusion ^ / 

The pnmary emphasis in the magnetic confine- 
ment program at this tyne isjhe development of a 
sufficient understanding of pl^^B behavior andmag- 
netic confinement* sy^tems^^awain simultanebusly 
the required plaisma densities, temperatures, and conr 
finement times. Engineering activities parallel to and 
coordinated with-^the scientific studies of plasma pro- 
duction, cpntair^ment, and heating provide thi6;|t««hT. . 
nolpgical base for near-term experiraMtation *arW 
liltim^tely, for development of fusion |flSlC'e^ reacfoR^ 



The Magnetic Confinement J^ogfam is orga- 
nized into four subprograms that emphasize the dif- 
ferent aspects of the program's, major goals. The 
Confinement Systems Subprogram conducts the major 
experiment^ to achieve the necessary conditions for 
practical fusion power. The Development and Tech- 
nology Subprogram" provides the engineering support 
and technology base for the major magnetic confine- 
ment experiments, and conducts fusion test facility 
amd engineering experiments and studies related to 
reactor design. All theoretical and computational ac- 
tivities in support of the Magnetic Confinement pro- 
gram as well as small-scale experimental mdies are 
carried out in the Applied Plasma Physics Subpro- 
gram. The Reactor Projects Subprogram is respon- 
^ble for the construction phase of the Tokomac 
Fusion Test Reactor and oth^r large projects. ' 

The most promising magnetic cqnfinement con- 
cept at this time is the Tokaiifak. The Tokamak 
Fusion Test Reactor, on which construction began in 
FY 1976, is expected to be the first experiment to 
produce sizable quantities of fusion energy. In addi- 
tion, backup approaches to the Tokamak are being 
pursued. The principal alternatives are the theta pinch 
and magnetic mirror concepts, which involve alterna- 
tive magnetic configurations. ' 

^ The magnetic confinement approach has recently 
achieved ignition-level temperatures and a ten fold 
increase in plasma confinement conditions in a mag- 
netic mirror device. A similar advance has been 
achieved in a Tokamak device with confinement con- 
ditions five times better than any previously reported 
and only a factor of ten below the value needed for 
fusion break even. During FY 1977, the program 
will use the knowledge gained by these accomplish- 
ments' to accelerate attainment of net fusion power 
and improve the performance requiremetits of the 
next generation of machines. 

The majof», planned milestones of this program 
are: (1) the production and understanding of igni- 
tion-level hydrogen plasmas in 1978-1980; (2) the 
production of substantial quantities of thermal energy 
in the Tokamak Fusion Test Reactor by 1982; (3) ' 
the prodQCtion of substantial quantities of electrical 

|. Energy in Experimental Powej Reactors in the late 
'19?0's; and (4) the opcratiqrt of a copimcrcial-scalc 

* Demonstration Power Reactor by the late 1990's. 

Jnertial Confinement Fusion ' ^/^.^ 

The Inertial Confinement Program se^eks to de- 
termine the scientific feasibljfty pf laser- and electron-. 
be>m-initiated thermonuclear burn, usingprincipl^pf 
inertial confinement arid applyihg it to such* areas as 
nuclear weapons effects simulation, nuclear weapdhs 
physics modeling, military power systems, and com- 
mercial power production. 
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Program strategy involves the maintenance of a 
research, development, and applicaUjpn core research 
program within the ERDA laboratfWes. At the same 
time*^ full use will be made of unique university and 
industrial capabilities in support of the core program. 
Broadly based efforts in universities and industry 
will complement and extend the national laser fusion 
program base. 

Studies of laser-matter interaction phenomena 
and advances in laser technology permitted the 
achievement of the first major program milestone of 
pellet compression^in FY 1974. As more powerful 
laser systems become available, the next major mile- 
stone 6f significant fusion yield is expected to be 
achieved in FY 1978-1979;?»followed by scientific 
break even in FY 1981-1982 and net energy gain by 
the mid-1980's. Based on the supcess in achieving 
these milestones, an operational test system could be 
operational by the late 1980's and a demonstration 
commercial power plant, by the nlid-1990's. 

Solar Electric 

As indicated earlier, solar energy is a very large, 
nondepletable, domestically available resource. If a 
small percent of the incident energy could be eco- 
nomically harnessed, a significant fraction of pro- 
jected U.S. energy needs could begin to be met by 
the year 2000. 

To tap this energy, four technologies appear 
most promising: 

— Solar thermal electric generation involves the 
concentration of solar energy to ^reate the high 
temperatures needed to heat water or other fluids 
to power turbines which, in turn, drive electrical 
generators. Total energy systems^ based on solar 
thermal electric system concepts, can also sup- 

^ ply industrial^rocess heat or space heating and 
cooling needs. « 

— Solar photovoltaic conversion involves the direct 
' conversion .of sunlighj^ to electricity through use 
of arrays of photovoltaic cells. 

— 'Wind energy conversion syi^ems commdnly con- 
vert wind to mechanical ey^ergy, which may Jbc^' 
used directly ip ^Irive energy litorage devices 

' (e.g., puwiped hydrostorage, flywheels, or com- 
pressed gases) or electric generators/ 

c -r-Ocean thermal enepfy conversion uses the lem- 
pe^ature difTerenttal occurrinjg between the solar- 
t heated oceans* surface and fthe deeper, colder 
^water as. a heat source to drive a working fluid 
in a tllermodynamic cycle "iftat poWeis turbines 
to produce electricity. Other renewable ocean 
resource options such as tides, waV(bs, salinity 
gradients, and currents are also being explored* 



Marlcet Barriers 

Although solar energy can be tapped with these 
technologies, by and large, it cannot How be tapped 
economically. For example, for jply),tovoltaic elec- 
tricity to be competitive with aJf^ative sources 
(e.g., coal), the cost per watt of solar collector arrays 
must be reduced by a factor of 50 to 100. Similarly, 
wind energy can now only be used for some limited 
applications (e.g., in^ifemote areas or in a fuel saver 
mode), but the regional and intermittent nature of the 
source and the absence of ecpnomic methods of en- 
ergy storage make it uneconomical for meeting gen- 
eral energy needs. 

Strategic Approach 

Giverf^these market barriers, the general thrust 
of the program is to develop the technology, 

and systeriflS and gain the experience that will result 
in substantial reductions in the cost of using solar 
energy. However, since the specific problems with 
each of the four tecTinologies are distinct, their re- 
spective RD&D program strategies are different. ^ * 

In wind energy conversion, tft program strategy 
is to stimulate industrial efforts to design more effi- 
cient rotor systems and to lower capital costs through 
pre fabrication and more efficient production tech- 
niques, and through demonstrations of reliat^e, eco- 
nomically viable wind energy systems^ 

The program strategy for solar photovoltaic con- 
version is to lower the cost per watt of collector 
arrays by a factor of 50 to 100 from present levels 
by: (1) producing lowH?ost photovoltaic materials 
through large-area crystal growth, high-volume sheet 
production, modified array encapsulation, and im- 
proved cell and array designs; and (2) encouraging 
industry to, jichievp volume jproduction so that they 
may gain manufacturing experience and develop eco- 
nomies of scale. 

In solar thermal electric, the program strateor 
is to focus on small-scale models, large-scale experi- 
ments, and pilot plants iq improve performance-to- 
cost ratios, reduce technicahand cconomic^^sks, and 
verify operating charaqjeristics. The critical areas of 
cost will be identified as a basis for subsequent pro- 
grams that will concentrate on those altematiyes with 
t^je greatest promise of loWer costs. 

Ocqitiffthermal gradient conversion, ili^tfile theo- 
(V^lly economical, has not yet ^en demonstrated 
as ^ practical energy source. Using curreht technol- 
ogies to scale to large sizes requires major.compon-' 
.ent development. For e\aftiple, the Imjproved, heat 
exchanger technology needed to use th6-«rnairtem-». 
perature differentials and t€ overcome the* poten- 
tial problems associated with biofouling h&s not yet 
been developed and is critical to thd overall potential 
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of the technology. Once such technologies have been 
demonstrated, it will be possible to develop large- 
scale components, subsystems, and full-scale ocean 
thermal systems. ; . , . 

Action Program " . 

An action program has been designed for each 
technology area to carry out the approaches de- 
scribed above. 

• Solar thermal conyersion. Completiono^teS'-mega- ,> 
watt solar thenniil test^faciUty ih>Fi 1978 will 
permit testing and evaluation o&4he major sub- 
system concepts under develoraaent Jot central 
receiver approach to solar thei|nial electrical coii^ 

* version. In addition, the'^conoeptyal design of 
10-megawatt electric solar^ thermal pilot.plant is ^ 
^scheduled for coibpletion ia FY 1977, with cpn-: . 
struction of the pilot plant scheduled for iditi^tioii 
in PV^1978. Finally, initial operation of the total 
energy' test liad is scheduled for £om|)letiot^ jn FY '^i 

' 1^77. \ ' ^ . 

^ Soi&r photovoKaic conv^)r5ion. Attractive a^lica-;;. 
tions that will adyance the widespread use of Solar ' 
photovoltaic conversion systems will be identi-^ 
fied by 'the end of FY 1977 In addition, a'^ 
major serie&.of experinients on multikilo\yatt pho- 

jLtevQltaic energy Conversion systems will be inl.-^;, 

\iated in Fljf 1976; these experiments will prqyii 
valuable bperational experience and will stimuf^ 
the developniel^t of the industria].:base.^Thir^ 
RD&D on materials and fabrication ti^cbnii 

, will be carried out^ith a goal of achievin; 

' of lessvthan '$2,000 per pea|c kilowatt for 



triated photovoltaic systems by.lFY 1979 and for 
planar solar cell arrays by 1982. 

* Wind energy conver^oiujt'^ anticipated that, in 
cooperation with utilitiesrthe design, fabrication, 
and installation (at two climatically different sites) 
of two multi-hundred kilowatt wind energy systems 
will be ccrtnpleted in FY 1977, with the cdopera- 
tion of utilitjjds^ln adcUtioH, completion otthe de- 
sign and fabrication of a megawatt-scaleCaannd en- * 

*priBy sylkcm is schoduled for FY 1977! This system 
, wiU.^ ^^l|:ostr0^muni design for higb-wind- 

^apcijy sife /Bufi^ J 977 the initiation of 

field ^testing o(' several innovative and advanced ; 

wind endrgy conversion concepts, apd of avnumb^. 

of wftid^wiergy conversion systems Suitable for 

small-scale applications :wiil b6 un4prtaken. : ; 

^'^ ■ • ■ * ■. ' •■«*:•/;■ ■' , 

» ii|cean . thumid , ene^ cbnyin^qn. During ,Fi^ 
, 1977t stddies or pfb^fdimnatiic^^ 
^ dves and co$t-benefit-r^c^ g^ eom- : 

*iipleted and R&D on heat ej(chan|er. tecHioIbg^ and 

bio|ouliii| ml! be conducted. Criteria wUl be 

veioped Tor a possible future .te6t\fTO^ In 

• parallel with the test progrtun, oitic^l 

and %Uhsy ktems wiU be developed iiad pr^creened 
so t^ the most promising ciIndHdates can be de-' 
. velopedftl^or fgjure large-scale testing. : - 

jiujb these multiple tcdinolq^ Iriitiatiyi^ 
n*inis*^chaptery a^ ni&iber. qf :i^^^ 
elationshi^ have to be enltiMtc^^^ 
These efforts are laid bi^ in t^^^ 
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Chapter IV— Im^menting^he Plain: 
Interrelations^^ ilikmong Energy 





t.-in- 
i the Plan 
ad ;anarket 



Introduction of new energy technol ^ 
•developmehf of new energy iekources wi 
affect the live^ of all Ainericans and will tlj 
the concerted acticm of all private and pub! 
tions. Cooperative efforts are required ain6; 
Congress, Federal Gp^afeuneqt ajgencies, st^ 
local governments, rci^nfl organizatioucjS'^Xcf^j 
^onal governors' CQpferences), 'thtf*^ifivatc 
(Crgijfjndustry, universities, and other nonprofit^i^^f)-"^; 
'Stit^ns), and die public. In addition, becaasg^C^^^^^ 
• V,, coininon energy interests* and problems, h^jcttiixse^l 
^ thf^^ed to cojbperale pn*the resolution of thfasMt^idt 
i;- le^;v^d because 6f the impact tjh^t -^' 
v^*" t^nology yoll have throughout ithc 
nations will iieed to intefact with tifc" 
* is executed. . r 

■ , {5 The role of the private sectop^is 
:'. (dtcd, one of tiie: basic principles Hipoa 

i$ formuli^b is that, the private seci ^ 
forces represent the mbst efficient mean^ of adhieVing 
; the Natlbn's energy goal§. 

■ \ } ^ Th^ederal G^ninftnt w^yorp^ 

' apd assistanii^ in ^eraT wayjJ^^clp create the 
^ ^isiiij^rall clij^ate and develqp ^^^K^fliD; incentives 
% needed to achieve national eoer ffj p Bnii / First, it will 
\ encourage nisucimui^ priyate sector inter^^ and 
5 ? involvement in energy j^&D. Secon^%will initiate 
•^ '^ergy RDftD effWts where tlje pJlHj^ is 
mblc to abhicvc national energy* will not ; 

Suiatge or tund,|krogram^hat the, pfivate scctpr> 
|an pursue prpfit^ibly on its own.^Mofeover, the, 
higher risK°pto^raW ,nia4}»§?j|^y t^^ Federal Gov- 
ernment wiU brought toTne point .^of commer- 
t.cial feasibilidif^ wpidly as possible, but will not, 
Ji^roceed unless the private sector becomes increiasT 
ingly involved as the programs approach cpmnoier-' 
i' cial feasibility. Thirdr the Federal GovenMnent ^ill 

rwork to .establish a; consistent developrtiehtal ahd^ 
regulatory framework that balances the early Hcyelop- 
j ment of alternative technologies with other legitimate 
K public needs such as human heaWf, safety, epyirpn^ 
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irotetUon, and economic regulation. Fourth^ 
ral Government will seek tq involve stafte 
governments, regional energy organizations, 
lublic at large in the planning efforts neces- 
^. Jidate and implement the Plan. % 
^'ate and local governments and regional <M:ga* 
bns are involved in the energy problem because 
ition is regional as well as national.. Specifically, 
is localities and regions are affected differently 
^ ehergy shortages, by large energy projects, and 
_iy enviroi^neptal discharges or conditions. While in- 
dividual statics knd regional gi;oups of states arc 
affected differently, in terms of cost and benefits^ by 
>^4bme new energy prpgrams, none can take precipi- 
tous action ^ithput a!ffecting other regions. Moreover, 
to the extent that state and local governments perform 
energy planning, they have the prin^uy responsi-^. 
bilities in the related areas of environmental control 
and fiuraan health; resource extractipn; plant siting; 
promiilgktibn ^qi construction and building codes to 
accommodate innovative technologies; and industrial 
/regulation. . ' . 

\ ^ Thus,^one of the roles pf state and local govem- 
! mehtsr .and regional organizations is tp reflect these, 
regional inS local perspectives in the development of 
coordinated ienergy RD&D pojicy and planning. 
V . ^he involvement and understanding of the pub- 
lic are necessary to achieve* the objectives of the Plan, 
Since the public is the ultimate consumer oC energy, 
its concerns for the environment, human (lealth, and 
safety must be considered as carefully as to ' ' * 
; a^d epdpPmic concerns. In addition, the pulVb Aas 
a major role since it must rea(A literally millioni oi 
individual' decisions to implement a^trulyefte 
ponseryation program as well as^ther deotieAts <of 
national energy, RD&D policy. 

Fiiially^ international agreements are necesswy 
tp ;coordinate the energy efforts of countries condupt- 
lajor efforts fn RD&P. Benefits can be derived 
.Coordinated international energy RD&D plan- 
mff| and the sharing of capabilities. Tbis^RD&D ap- 
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proach will complement broader efforts of interna- 
tional cooperation in^eiiergy policy and planhing. 

In view qf the s;ij^fic, important roles that gov- 
ernment, the priv£^tt^\^ctor/ and the public at large 
must play in achieyito*tfej^g^s of the' National Plan 
for Energy RD&J^MSj^^^.^Q benefits' provided by 
international ^^^^^g^ that an important as- 

pect of iniplem^^oSm^^^^ must be the develop- 
ment of appropria^^eC^nisms to ensure the par- 
ticipation of and interaction among these entities. To 
this end, actions are being t^ken to: 

• Develop international agreements 

• Improve Federal agency interaction 

• Strengthen the private interface 

• Expand interaction with state and local govern- 
ments * ' , 

• Establish a regional interface. H^, 

Developing International Agreements 

The United States is not alone in dealing \yith^ 
the continuing problem of ^ secure and economical ' 
energy supply. Many countries in the world have the ' 
same problem but, in most instances, are not blessed 
with natural resources as abundant and diverse as 
those of the United States. Thus, they, too, have 
recognized the need for and value of effective con- 
servation programs and the necessity of developing 
new tecTinologies^^^^ . . 4 

Because of^e obvious economfc benefits that 
would accrue, it is clearly in the best interests of all 
the nations who share the problem to cooperate in 
finding its solution. The U.S. policy is to promote 
such cooperation and interaction wherever appro- 
priate. 1 t 

To this end, ERDA, thfe Department of State, 
and other Federal agencies art fostering international 
research, development, and demonstration initiatives 
in many energy areas. Several courses of action are > 
being pursued, including: (1) entering into bilateral 
RD^l^ and nuclear supply agreements; (2) partici- . 
pating in the International Energy Agency (lEA); (3) ' 
providing assistance to developing countries; and (4) 
participating in the Safeguards I^rbg^am. 

Entering into Bilateral Agreemerrts 

More than 30.'bilad;eral agreements are in effect 
that permit tec^ical dlata exch^inges as well as ths 
supplying of nuclear reactors and' ur^um, enrich- 
, ment si^rvices. 

Specific energy RD&D agreements exist between 
the UiS. and the U.S.S.R., and between the U.S. and 
Japan. Specifically, the U.S. curreriR^ exchanges in- 
formation on breeder reactors with Japan, and in the * 
fields of fusion and breeder reactors with the U.S.S.R. 



A numbet of agreements in the nonnuclear area are 
pending with Japan. The U.S. has entered into sep^ 
arate agreements with Iceland and Italy in the geo- 
thermal field, and has agreements with Poland on 
qpal research. Energy RD&D cooperation also forms 
an important .part of numerous other general Science 
and Technology Agreements with other countries. 
Finally, the U.S. has recently executed memoranda 
of understan<ding (MOUs) with eight countries calling 
for information exchange on solar heating and cool- 
ing of buildings. 

Participating in the International Energy Agency 

As a result of membership in the International 
Energy Agency (lEA), the U.S. is participating in a 
number of energy RD&D programs. For example, 
active efforts have been under way during the past 
year to identify areas of interest for cooperation, to 
prepare a framework of principles governing joint 
suiiport of energy RD&D projects, and to draw up 
cooperative implementation agreements. In the com- 
ing year, work will proceed on producing an overall 
lEA strategy by the.end of 1976. 

In addition to these policy and administrative 
activities, the lEA has launched a nuinber of specific, 
important energy technology RD&D projects. Orig- 
inally, nine areas were identified for multilateral co- 
operation: coal technology, nuclear reactor safety, 
radioactive waste management, controlled thermonu- 
clear fusion, conservation R&D, solar energy, hydro- 
gen, municipal and industrial waste, and waste heat 
utilization.' At special meetings on research and de- 
velopment on November 20-21, 1975, the lEA Grov- * 
erning Board recommended seven new areas: high 
temperature reactors for process h^at^ geothermal 
energy, solar powfer systems, wave power, wind 
energy, ocean thermal energy, and bioniass conver- 
sion. The lEA also approved ah energy systems 
analysis effort, which will be a major activity in 1976, 
to idientify and evaluate energy technology options, 
their j|^tential enef^y contributions to the various 
member countries; and their commercial implementa- 
tion time frame; and to advise the member nations 
individually and collectively on RD&D priorities. 
This systems analysis work will Ibe undertaken by 
national experts and by two intematiQtial groups^ one 
located af the Brookhaven National Labofjatory in 
the U.S. and the other at the Julich Laboratory in 
Germany. In the* course of these studies, data on 
energy and interfuel substitution possibilities will ^ 
collected and made iavailable to all member nations. 

Similarly, .cooperative ventures among smaller 
groups of participating countries can be arranged wi- 
der the auspices of the lEA. For example, in Novem- 
ber 1975, die U.S. signed the five agreements as part 
of ah overall lEA coal technology cooperative effort. 
One of these was an agreement among the United 
States, the Federal Republic of West, Germany, and 
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the United Kingdom to research more efiScient and 
cleaner ways to bum coal. A fluidized bed combus- 
tion test facility, designed to bum coal more efiS- ; 
icientiy, will be built in Britain at a shared cost of 
$15-20 million. 

A^ijsting Develpping Countries ' 

.^^The U.S. participates in a number pf.interaar 
tioijial, energy-related activities that ^nvolve develop-^ 
ing countries. For example, thfere stire U.S. Joint Co- 
-operative CommissionSiiWith Israel, Iran, and Egypt " 
that .allow for assistance in nonnuclear p];o^ntois. 

^ On September i, 1975, during th^^pccjal meet- 
ing of the U.N. General Assembly, thevU.S. pn^)oscd v 
aqujnternational Energy Institute (1^1) ttb assist de- 
veloping countries in applying avaUable en0|gy^jg& 
nolc^ to their energy needS/ This concept was v/el-> v 
comed by other members of the U.N. and is now^in;;, 
the process of being developed in. more detail.. In the 
nuclear area,, the International Atomic Energy 
Agency (lAE/^) provides an excellent forum for co- 
operation and mutual reward among developed and 
developing nations. Two notable programs in this 
format are the IAEA*s technical assistance program 
and its Safeguards Program. 

Participating in the Safeguards Program 

The Intemational Atomic Energy Agency 
^ (IAEA) is responsible for the implementation of 
safeguards portions of the Nonproliferation Treaty 
relating to the peaceful uses of nuclear materials. In 
the Safeguards Prograifi, the United States and other 
countries supplying nuclear material, equipment, and 
technologies require assurances' that: (a) exported nu- 
clear.material is not diverted by the receiving'country 
for explosive use; (b) receiving facilities have adequate 
safeguards and pi^ysical protection against domestic 
nuclear threats; and (c) any nuclear, assistanco^^will 
not be used by the receiving country to further any 
military purpose. 

ERDA, the Arms Control and Disarmament 
Agency (ACD^A), and the Nuclear Regulatory Com- 
mission (NRQ assist the IAEA in devetoping effec- 
tive safeguards procedures and improving measure- 
' ment techniques. ERDA is responsible for reviewing 
facilities that receive U.S. nuclear materials to ensure 
adequate physicaT protection before NRC grfmts the 



gaps in ener^. RD&D planning and implementation; 
(c) accelerate the RD&D process and the market 
penetration of new energy tcchnolopes and systems 
by minimizing procedural delays and integrating tasks 
performed by different agencies; (d) optimize Federal « 
resources (money arid manpower) and thereby im- 
prove RD&D productivity in tKe Federal sector; and: 
(e) fulfill le^stative and administrative requirements * 
expressed in .Congressional mandates and joini 
agency agreements. Of these objectives, the two that 
. must be vigorously pursued first are the: (1) integra- 
tion of energy RD&D programs into the broader con-^ 
text of national energy policy, and (2) elimination of 
unintended redundancies or gaps in energy RD&D 
planning and implementation. 

i' Integrating Energy RD&D Programs into 
/ National Energy Policy 

» * "-.^ Energy RD&D goals and objectives must. be. 
J integrated jnto the broader context of a national 
energy policy. This necessitates interaction and co- 
ordinated program planning not only among the Fed- 
eral agenck^sL^that are charged with RP&P, but also 
among all F^Bderal, state, or local age^^ as well as 
legislative' bodies that will implement national energy 
policy! The Energy Resources Council (ERQ is- the 
primar}^ instrument for this coordination. The ERC 
ensures comihunication and coor4ination among the 
several agencies involved in developing and. imple- 
menting energy policy or In managing energy re- 
sources. ' J| \^ 

Among ail the Feoeral agency intenciiovs id' 
fecting energy RD&D. perhaps the most bnpcNftan^ b 
that between ERDA fiid the Federal En^ Admin- 
istration. It is he^^l that a strong tie i& ^tablished at. 
the working level between national'cncrgyj)olipy arid 
national energy RD^D policy. ERDA's fbtus is the 
technolopcal character of th^ energy System, while 
FEA's focus is the* economic (price regulatory) and 
operational aspects of the ertergy sysjem. The activ- 
ites of the two agencies do, of comser overlap and 
complement each other. 

In addressing .technological problenys; ERDA 
must recognize the possible institutional and social 
barriers to implementation of both existing and new 
technologies and, hence, must interact strongly with 
FEA as the companion agenCy that can mount atr 
tacks on such* problems. |n modifying the present' 



export license. These ongoing reviews have proved energy system; FEA should recognize the existence 
effebtive in encouraging adoption of these measures . - - . . . . * 

by other countries^ . 



improvmg Federal Agency interaction ' \ 

' * Effective Federal agency interaction i|f Aergy 
RD&D is essential to: (a) integrate the goals and ob- 
jectives of RD&D into the broader context of na- 
tipnal^ energy policy; (b) eliminate reiiundiemcies or 
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of' technological 'issues and, henc^, must mteract 
strongly with ERDA, the agency that can mount 
attacks on such problems. . ' 

The nature and importance of these hiteractions 
have been more and more strongly recognized by 
FEA and ERDA,over the past year. As a result, the 
two ageqf les have agreed to increase thejr emphasis 
. on joint progi'am planning activities. Mutual Involve- 
ment in the early phases of program planing will 
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help ensure developmei^t o£ fully coherent nationart 
programs. Responsibility for implementing the pjt>- 
^ams will follow both the legislative direction prc^ 
vided the agencies and the capabilities in place fn 
each agency to direct and integrate such activities 
with its related activities. ERDA and FEA are pres- 
ently developing a memorandum of understanding 
(MOU) that will embody these principles and pro- 
vide an overall framework for more detailed coordi- 
nation on specific programs. 

Ot sinilbur imp^Hailce is a stit)^^ 
rebttonship betW^ ERDA and the Environnientai 
^Piotection Agency (EPA). this relationship is needed 
to' assist ERDA in effectively integrating its approach, 
to environmental consideratict^ into tefrhnology . de- 
sign and to ensure a coordinate(i"|^eral approach to 
key environmental issues. '^jl^^ .r ^' . 

Eliminating Redundancies in Energy RD&D 
Planning and Implementation e 

Because of its scope, .complexity, and number 
iOf participants, the^ Nation's energy RD&D program' 
jJias'^the potential for significant redundancies and 
^gaps if interaction and coordinated program plan- 
. ..^"^jmng and management are neglected. To avoid enefrgy 
*^^RD&D program redundancies and gaps and to ensure 
. the coordinated implementation of t]ie National Plan 
' *for Energy RD&D, three kinds of aqtions are being 
taken: , _ , . 

Obtaining input to Volume U of this Plan from 
other agencies involved in energy RD&D. In as- 
sembling Volume II of ihe Plan '(which describes-' 
ill detail implementation plans for the total Fed- 
. cral enepg)^^RD&D effort).each year, ERDA inter- 
, :^^:ip<s Avith the various primary agencies involved in 
' : eiiergy RD&D.^ Specifically, other agencies review 
relevant sections of Volume Hi examine the intd- 
gra|ed program ^for oifiissions -^nd overlaps; and 
\ provide feedback to ERDA. on the results of their 
' * reviews. . 

• Entering into formal agreements with other Fed- . 
. .eml agencies. Some of the formal agreements ihaf 
:^have been reached in the past year or wUl be^im- 
*~ plemented in the near future are 9f 
importance: 

' — A memorandgm of Onderst&nding O^lOU) ^* 
tween ERDA md the National A^ionan^ and* . 
' \ ^ Space Admini^ration (T^f^SA) to perform ba^ic ' 
• * < * and applied research at^'$elected NASA centers' 
. *'f ' • < in specified distit>Ili\e& a^ tecRnologieV (e.^., 
\ ' photovoltaic systemsi| gapRirbine 4ecbnQlogies, 
'■'i r fuel cell technology, hydrogen technology, wind^ 
. \ ^ energy systems). 

. c. —An MOU between ERDA and the National 
. Bureau of Standards (NBS) t6 copper ate ii^ 
identifying and evaluating speci^c programs: re- 
r ' lated to measurement^ and standards in fossil 
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energy,' environment and safety, solar energy, 
geotherin^l, advanced energy systems; national • 
security, conservation, and other RD&D pro- 
grams: ynder a separate agreement, NBS will 
a)nduct an independent evaluation for ERDA 
of energyvrelated inventions to provide informa- 
:: tion on promising ' ideas that have been jCX- 
aminpd for their technical feasibility and 
wortliines; for consideration for further suppojt. 

— imminent i^reement between ERDA ^ad 
the !^B||n (SBA) to 

ensure ^ml^Lbusiness concerns are provided a 
reasonable ^|k>rtumty to participate fairly and. 

* equitably . in^JFederal grants, contracts, pur-i * . 
chases, and other ^^ctivities related to energy 
RD&D.'* : 

— Agreements* between ERDA and the Depart* 
ment of Defense (DOD) to perform RD^ and 
suppoi;t Ei^A progress in areas such as s^arN* ' 
heating and cooling, ^solar electric, ocean uer- 
*mal, bioconversion, geothermal, and synfuel . • 
evaluation. A joint ERDA/DOD effort ift 
planned to^* identify additional areas in which / 

* joint efforts will ^ mutually beneficial. A gen- '\ 
eral MOU between ERDA and DOE^is being 
prepared. ■ -> 

— Four impending MOUs lietween the Nuclear 
Regubtoiy Commission (NRC) and £RDA to 

provide for coordination between the two agen-" • 
cies on the Safeguards Program operational pbl- ' 
icy, contingef!cy plans, and international re- \ 
sponsibilities; Safeguards RD&D and testing _ 
activities^ Emergency Preparedness ^ response ■ 
resources; and the sharing of nuclear materials 
information. " * 

— An imminent MOU iN^een the Departooit oi 
Housing and Urban Pevelopmcnt (HUu) and , 
ERDA to coordinate activities , pertsijning to . 
energy-related housing and urban programs. 

— An MOU between the Water Resources CouncO 
(WRC) and^RDA, to assess water resource re- , ,^ ' 
quirements''%|Ki|^^ supply ^ailability f^r 

energy terhn^^^fthftt arftjhft Riihjftrrnf Fftd- 1 

eral RD&D effdjk The lajlB^t^ent calls for the * - 
establishmefit oj^r water-for^^nergyJbase; pro^ ^r. 
gram at the. WRC, ;participatioi> in 
enYironmental and water resourceratoessments; 
and ^xcha^igd^of dqLt&^^eeh ERJPA atidvthe< y' 
WRC Initial inYolyement ^11 enph^tsize pro-p v 
grams in synthetic fuels, geM^nnal ener^, abjd 
coal conversion dem^nstrstipn plants. - . - / r / 

y I ■(! t ■ 



* ERDA is also supportiiig a symposium in Washingtdh, 
D.C., on March 24^25, 1976. under the auspices of ttte^ 
American Association of Small Re^eS^kCompdBkt,«en- 
tided "Opportunities at £RDA >Cor Sn^ll RAD 
panies/*. * * • 
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» Putidpatiiig in the Federal Energy Manngeliient 
Program (FEMP). The Federal Government idelf is 
a significant energy consumer, representing over 2 
percent of total national energy consumption. The 
Federal <}overnment is also the largest single pur- 
chaser ©f energy m th^ Na^on, thus providing a 
significant opportunity for direct savings and lead- . 
ershipiin energy conservation. . ' 

The Federal Boergy Management Program was 
established in l-^TS to achieve major reductions in 
Federal departmeat and agency\energy consurap-> 
tiori. In 1974 and 1975, annual energy savings of . 
. approximately 25 percent were achieved, primarily 
through curtailment measures such as adjusting 
thermdstats and lighting in Federal facilities and 
j^, eliminating wasteful practices in the operation of 

ships, planes; and automobiles. 
- This program has now been extended for 10 
years to reduce energy use in the Federal Govern- 
ment through adoption of cost-effective technolop- 
cal improvements in Federal facilities. It is also 
' , expected' to have the "spin-off" benefit of demon- 
strating life-cycle cost-effectiveness of conseryation 
^technologies not now in the marketplace. Devel- 
oped under the policy guidance of the Energy 
Resources C9uncil (ERC),* the prograni will be 
undertaken by: 

— ^FEA, .Avhi^h is , responsil||^ for management 

leadership . ^ 

— EI^DA, which oversees the technological- as-. 
: pects of the program 

* —GSA, which is charged with ensuring appropri- . 
ate program .implementation. » * * «i 

^"ijt ■ • • . '''•« • 

Stiinglhening the Private Interface 

Etecisions on energy RD&D program^ will affect ^ 
the life of every citizen and every institution in the 
country. Thus, all citizens should liave the oppor- 
tunity to influeVice those decisions. However, there 
are many "pubHcs" who have interests — of ten^ con- 
flicting interestS-A-lij energy RD&D. Other difficulties^ 
include the technical nature of the subject of energy; 
,the long lead times involve^ in planning; the com- 
plexity of the enfergyrfield participations and nrission; 
and ihc proprietary liature of ^me of the informa- 
tion, r. . ' , , ' . . .7 
^nstiring that public opinion -i^ repi^senled in> 
' liDj^ planning and obtaining support for 
^ iftation of its results fiequire a two-^^ay dia- 
£ween inforjmed citizens and receptive deci- 
Kre! ^Government decision-makers must pro- 
ii|lic with timely and complete information, 



including background materials 09 the problems, 
needs, and concerns of energy RD&D programs and 
planning; possible solu^ons to the problems; and 
possible effects (social, enviromnental, economic, 
technological) of the programs, problems, and solu- 
tions. The informed citizens must be provided with , 
and take advantage of^various communications 
forums, including thosflisted in Table IV-1. Among 
the most important of^ these avenues of communica- 
tion are: . ^ . 
• Advisory committee. ERDA has a nymbcr of ad- 

visory groups made up of individuals. who repre^}? 
r sent a broad spectrum of technical expertise and 
citizen interest. The General Advisory Committee 
maintains a broad overview of ERDA's programs; 
seven other advisory committees deal with spe- 
cialized areas: Advisory Committee on Geothermal 
Energy, General Technical Advisory Panel (Fossil), 



Table IV-I Forums for Intmctlon^ 

Pr\mw^ Forum for . 
Intorttta Affaeted SollcHIng W«vliw awd Comn^trti 



The general public, " 
industry, state and 
regional energy , 
representatives, special 
interest groups, and the 
academic community 



The Congress ^ 



Other Federal agencies ^ 




Advisory Committees 
Consumer representation 
plan 

Public hearings and 
meetings 

Meetings with ERDA ' 
officials^ 

Federal' Register requests 
for comment » 
Publications and speeches 
Environmental impait 
statement 

I LeiSislative hearings on 

ERDA related programs-and 

budgets - ,^ 
I General Accounting Office 

reviews and othfr special 

study requests 

• Formal review of the 
;National Plan for Energy 

^ RDAD by OTA and G^P^- i 

•. Joint Rjanning 4c^\tipf^ ' : 
throughout the yeifi' .'.v^^ v^^^^^ 

• Review of the Pl^; Pl^^iP?;^' 
publication arkf^Tfl»irpoinw4^ 

a formal EftDA reflUHtter'^^^^^^ 
programmatic ^••'5^- . 
informatipn** "''^-.iy^r'' 

• Envirpntrfental impact ^ 
statement - ,« 



• Subsequent % this action, the Eneijy, Policy and Con- 
servation XcHp.L. 94-163). mandated a lO-ycar conserva- 
tion program for buildings owned or leased by the FeJliral 
Government. A part of the* FEMP program wiU address 
thi^ requirement. 



•At itot^dt invthc trt»bllng ERDA «<tgitlatiorn th« Qpuricll- 
pn Cnvironmantai Quality (CCQ) It raqujrad to undartaka 
an ongoing aitattmant of tba adaquacy of attantion to. 
anviroilmaptal pixxtact^on and anargy conaarvation in tha 
anefgy RD&D program. Tha Offica. df Tachnology Atsaat- 
mant (OTA^ haft^lsp baan wquasted by Congrett to undar- 
^ta^a a raviaw of tha annual raport. 
••Saa ERDA 76-lju: Voluma.2->rogram Implafnantatfon, for 

. othar agancy datillt on tpacffic programt. « - 
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Historical Advisory Commhtee, Senior Utility 
- Steering Committee, High Energy Physics Advisory 
Panel, Lignite Advisory Committee, and Atomic- 
Energy Labor-Management Advisor^ Committee. 
Meetings of th^e groups are anif^iiWed in ad- 
vance and are open to the public. 

* ^blic hearings and meetings. ERDA holds and 
participates ,in many public hearings,* meetings, 
and conferences. For example, ERDA has initiated 
a series of regional public m^tings- to solicit com- 
ments on the National Plan for Energy RD&D in 
general and on the jmplenjcntatipn of the Plan 
for the regions in which the meetings are held in 
pirHclilar. From these, impbrtant relationships 
are developed with concerned inter^t groups and. 
state and regional policy^ makers. As a result of one 
of the' early public meetings, ERDA Wili be sup- 

• plied with a continuous flow of information and 
viewpoints from 16 southern states on the National 
Plan for Energy RD&D. . - i 

7 Primary responsibility for conducting these meet-* 
ings isvbcing assigned to the regional- ERDA or- 
ganization, with the aim of establishing these of- 
fices as accessible contact centers. Public meetings 
will continue after the publication of the Plan to 
discuss its contents and its impact on the Nation 

. from a regional and local perspective. Meetings 
have' already been held in Atlanta and Seattle, 
and are bejng planned for Denver, Chicago, San 
Fflncisco, and Boston. 

* Environmental impact statements. Programs to Ap- 
prise the public and organized interest groups of . 
the estimated enviconmental characteristics of al- 
ternative prospective energy systems and to pro- 
vide open chanriels for re^nding to speotfic 
public concerns in the decision process are avail- 
able.;This communication\i basically implcrrfented * 

^ through publication of envirotfhiental impact state- 
meats and through their associatedJ^ublic hearings.. 
.^Environmental RD&D activities ^re directed 
; ^rough a sequential * process; tailpred*for eath 
ehergju alternative. At milestones in this process, 

* where actions maj^ be proposed that would signifi- • 
xantly affect, the quality of the enyironmefft, en- 
vironmental imp^ statements arc prepared. En- 
vironmental impact statemo^^may be generic. 

' (program) . or sjte-5pecific, (^^St0 in nature, de- • 
pendi^igtpn the state of teiihn'ojog?! development 
and«ji£gi]a>eS5'**to^. demonstration. They explore 

* sociological, aesthetic, and other pjubtic'^coiicerns ' ^ 
and provide a basis for publip review and discus- 
sions to ensure public input to; the energy develop- 

. rftent process.^ . , ^ . * 

•> Consuiher tepresentation plans. Interaction with ^ 
the public at laree can be the most difficult ' 
dialogue to establish but can also be the itiost re- 
warding as the public's concern for human heaU}i, 

* safety, the. environment, style and Quality of life. 



and economic climate are paramount in a demo- 
cratic ;^pciety. Comprehensive consumer represen- 
tation plans are l^yig develpped by all -major" 
Feder^il agencies to provide specific channels for 
consumer participation in major Federal-agency 
policy and program decisions. This effort is in re- 
sponse to the President's call for ^n examination of 
presented new procedure^ by which all consumers . 
can, receive ^ equal of)portnnityit)f beii|g£s^,^^ard/ ^ 
Preliminary consg^er representation plans hav^"^^ 
'^been published* and, after comments have beeo^re^ 
ceiVed in writing and at a scrie^f^pubiic meet- 
ings, ;W11 be made final in 1976. 
^ JdipuA's Consumer^Representation Plan is being 
'^lle^ijhed to ensure ERDA t^kes int6 consideration ^ 
the effects of its programs on a multitude of con- 
sumers. Particijpation of ^ergy. consiimers an(} 
' producers9.iAr4h&5lecision-making of the agency is 
, both necessary and desirable. ERDA•s^j9b is^ to 
assist pri^e industry in iht development of new > 
or improvi^d technologies that can be itiadc com- 
mercially attractive. This implies the'' technologies 
\ must meet the requirements of thii^-^ private ^ 
, marketplace in terms of needs, institutional com- 
patibility, economi&, .and the requirements of thc^ ^ 
general welfare (i.e., eifvirohmental and social ac%'^ . 
ceptability). Neither ERDA nor' the Federal Gov- 
emment as a whole controls the marketplace, or 
the Nation's environmental and social standards; r 
in the final analysis, it is the consumer who docs, 
' through buying practices and the ]x)litical process. 
For the consumer to pkrticipate in this 'dccision- 
^making procesS) he must know: 
. ■— Wha| d^isioijs afe planned, when they will be 

, made, and who will.make them i . • 

^ — ^T*he ..techojicali /economic^ environmental, and 
: ' institutional ff acts md ^sumptions avaibble to 
^ dec1si6n-rtiaker • . . 
— The alternadvesr unddr^ consi4|ration }Sy^Hit 
' decision-maker t • . 

-^Thp analytical iools^ mctfecyls, and results' thaV ; 



af^ 't^g used to assist in the' ^j^sio^ 
proces^s/ . V.^^' ^^; rj- 
An iriforpied public'iah iiifljience the Fcdcral^e 
.cisioft-maldng process if it can^^briAg toji^jht ncw 
^ditional f»s.or ^wnptions^ raise workaible^ 
newfcr differenr alternatives, and pjrovic^ new or 
, additional analy^al results* 'Thi EKDA doifsumer 
~ RcpresentatioiTPiah b^^csi^cibto ensure tlfl^ flow* 
of opinion and infcumpation. ^ . . i - ' 
I Altfiough th*e$e romniunication forums kre gdh- 
.erally available- to. all Citizens and all^irfstitutigns, 
specific avenues being expl^fed and impqrtaiit 
policy ihitlfLtives are being taken to e^bblish specifib 
interaction With industry universitifer , * ' 
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table IV-^ ^ Illustrative Jointly Funded Programs With Industry * 



Program Araa 



. I ndustry Parttclgwit 



Ptrcant of Total C*tl^ ' 
mat^d Cost Contrfbutod 
liyltKluttty 



A,| Fossil * * 


f - ' . '* 




1. High-BTU Gasification 

a. BI Gas Pilot Plant , ^ 
b/ Steam-Iron Pilot Plant 


American Ga's AssociBlioB 
American Gas Association 


32 / 
33 


2. Gas and Oil Extraction 

a. ^iiellar Polymer Flooding 

b. Thermal Recovery and Solvent 


Oir companies ' . , * , 
Oil companies " 


65 
52 


B. Conservation 

1. Electric Energy Systems ; 

a. Battery Energy Storage Test Facility ^ » 

b. Forced Cooling test 


• ■ r ■ / ' ^ ■ 

Utility companies *' ' ^ , " 
Electric Poyver Rese'arcti Inistitute (and a 
manufacturer of underground 


; 54 
76 



2: End- Use Conservation 

Stiriing Engine-100 H.P. 

■' • . ■ ^ 

C. Fission * . 
Clinch River Breeder Reactor 



electrical equipment) 



Automobile rnanufacturing company 

Utility companies (and som« i^actor. 
manufacturers) . . '\ 



D.. Geotherrpal 

Thermal Loop Experiment with Hot Brines 



Utility company 

• Sao Tablo Itl-^ for tha estimated total cost-sharing with non-Federal organizations. 



50 
50 



Interaction with Indfiistry 

The ERDA mission is unique: Unlike other gov- 
ernment agencies involved in RD&D, ERDA's mis- 
sion is td'research and develop new technologies and 
to assist the privat^^lpriijj^^^ market 
with their new ^ij^c^ pro- 
l^rams are cjQs^iljjyt^^^ indu^iy at the e^irliest^ 

possible point ffi^^ll^ ' ' . 

The tradiui^iy[^p:iljl^^ technology research and 
deyjdojpihent is i^lrH^ bajic an^ applied research 
laboratories and* Individual mventors throiigh'engi- 
J neering facilities t* the producers of goods^^d serv- 
ices for use> by all consuming levels. If^is^^ob^ous 
that industry, both large* and sm^H, is crucial to this 
process as fhe developer, producer, and. niarketer. 

• TJius, the Federal Government/ industry interface is 
■ as'broad^as industry itself. ; \ * . / : ' ^ " 

V^ious ^rums are used to cprfintunicate with. 
Amei-iJ^an : industry.,. (Sfee Tab^ 1 V- J .) In addition^ 

• as ^own in Table' 1V.2, EJIDA is seeking jointly 

• funded of j(3iritl>fi)^anhed .^progwims with industry 
and, indu^iai organizations* to ' establish ^worki Ag 
relationships ai the earliest possible developmental 
stage of new energy technologies. - ' ^ 

* t^br example, Ml memorandum pf understani^ng is immi- 
nent between the Eleclric; Power Research In^titutfc ind 
ERDA to jointly review program pfetis. coordinate future 
activities, identify projects apptopriaie for coordinated 
parallel or sequential contracting, anct identify efforts ap- 
propriatc for joint fundinjg. ,*. /. -:^ . » 



ERDA, along S^ith other govcmmcht agenci<|s, 
,;ls also conducting a study to determine how^thc exist-' 
ing patent and licensing policy can be applied, most 
effectively to enhance , the private scctor'|^cchtive 
lo engage in energy RD&D. Public i»e^|^ings ^ 
; been held at which.* much helpful ciitiosihlliiis been 
■ received fipm var^6us industry reprcscntafWcs ancl*^ 
public interest groups. An intfcrim report was recently 
submitted to Cpngress, and it is EIU)A's bteiitioii to 
compile tbe^'pateilt policy tiady ami to, deliver a 
fii^ repprt to <>iigBan ifi 1^76* : y 

• . The financial <^mmunriy 4iaa^,i, aitical^^ro^^ 
the market penetration of new cnlft^- technologies 
since it is from this sector that iftu* oiAc funds for 
RD&D investments wjll ooqie. Wjjfc financial 
baclcing of ^he bayung^^d iciVc|^ . 
lib very^* few rt^ energy technologies' will cdme jiito gen - 
* ejal usfi Buf More making the necessary loans, tM^ 
.fir\ancial poinmuriity must be assured. of the jteAnjcal ^ 
' succc^ b^rthe energy opti0a, its'a6ility to capture a 
laite^enougfr ^art of tIi<i'^ffi^Jcct io lj|efcbmc profit- ' 
able, >nd govdimmeT^r re^tatc^^ that will 

\not hiipcde or prevent market penetration of thetidi* ', 
" nology. It is, therefore, imperative th^t ERDA mainwk 
tain ciosc liaison with the financial comniuqity^ to 
communicate the status of the energy , RD&D prO- . 
grams and .of government attitudes and, in turn, to 
understand the concerns and attitudes of the invte- 
tors. During this year, ERDA wijl^ iiiitiate such a rela- 
tionship. 
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No summary of efforts to strengthen the relation- 
ship$ with 'industry would be complete without men- 
tion of the. government's commitment to small busi- 
ness. Specificalty/ all government energy RD&D 
program mana^js aggressively seek out small busi- 
ness participati(m,>and small companies* ale made, 
aware of the exfsting project opportunities/ln Wdi- 
->-^tjon, an JERDA task force has been established to 
coordlnafe^aiid monitor small business'participation, 
and a cooperative agreement with the Small Business 
> Administration is being readied for signature. Like- 
wise, individual inventors will be assured full evalua- 
tion of their energy-related projects through a joint 
program of ERDA and the National Bureau of 
, Standards. ' " 
■ ^r^r ; '^ Liaison with industry is also being furthered 
^. through^ the use of technology utilisation representaTs 
; T-^^jt^ eight of the Nationan^i^^j^ 

yj^-Xt^i^^ the country. These representees serve * ^ 
, V*;as hjcal and regional points of contact with private ' 
cV. -industry :Qn the availability of technologies, partic- 
. y j^irly^hd^^^ energy programs but hav- ^ 

V ^^in|^ AonbniJrg^^^ 
* V ^ -EiiWlHyV^he ©ffice of Industry, State and Local 
*0c|^tijgps;*tiSC) "ad vises ERDA programmatic and 

;orporate" management on batter ways no obtain * 
and use industrial views in the ERDA decision-mak- 
ing prtKess. To this end, the ISL staff is in frequent 
communication with^ all segments of industry, wjth 
ERDA energy RD&D program offices, and with state 
and local governments. Since representatives of these 
groups frequently share commpn interests in energy 
resource development implications, this .centralized 
organizational unit represents the interest of these 



i. 



, groujil in" planning* and policy formul ation . Also, 
^" ERr^,4^ently established an Office of Commercial- 



/42^i6^hat is responsible for: 

Coritiniring the analyses a(|d-i;nitiatihg|j|^ogram im- 
plementation efforts related to the synthetic fuels 
commercial dembnstration program ' 
• Identifying major constraints to commercialization 
of other selected energy technologies and analyzing 
tile effectiv^ess of^various incentives (such as in 
the Nonnuqlcar Act) in overcoming these con- 
straints 

.^jExamining*mechanisms for speeding the introduc- 
tion,, in the near-term, of available energy technol- 
ogies into themarketplace. 

.Interaction 'With Universities^ 

The Nation s academic community represents 
ta^mportant resource needdW for tfie conduct' of sup- 
porting i^search and technology develqpment-across 
the spectrum of energy RD&D, as well as a Aiajor 



i0 * All nonprofit institutions of higher learning and educa- 
tional nonprofit organization that are operationally 




affiliated or integrated with such institutibns. «^ 



contributor to the development of adequate man- 
power resources. 

During FY 1975, contracts approximating $135 
million** were signed with universities. ERDA ex- 
pects this figure to climb to about $140 million** 
during FY 1976 and $170 million** in FY 1977.. 

ERDA i^uilding on this base to establish a^ 
broad arid' effective, partnership with universities in* 
conducting research, training and developing skilled 
manpower, ensuring local concerns are incorporated 
in the National Plan, and strengthening the traditional 
role of universities in reseafch ahd tea^fua^.^To this 
end, ERDA is in the process of developine iK;|UjQiver- 
sity program.' The specific policy consij^^dltW^ for 
th^ effort are: 

• Universities an^l colleges through^ 
will be encouraged to participated Hn:^iUHBndi||'j|; 

|. energy research programs to the maxpi^^nlxteQ^ 
of their capabilities and interest. » 

• University activities supported by ERDA will be 
relevant to ERDA's mission and compatible with 
the interest, strengths, and activities of the univer- 
sity. • » 

• ERDA will encourage participatipn in ^^supported 
research by young faculty members^nd by stu- 
dents, as well as senior investigators, in ways that ' 
enhance and strengthen the universities' traditional 

• educational and research mission. 
1 Team research of both an interdisciplinary and a 

multi-tdisciplinary nature on the part of faculty and 
students will be encouraged oh appropriate sci- 
entific and technical related subjects, and on the 
broader social assessment of energy development 
and utilization. - ^ * > 

• ERDA recognizes and will preside support to the 
extent practicable' to the universities' primary edu- 
cational role of training professional manpower to 
meet current and long-range enefsy^needs. 

• ERDA will encourage the submijalidn from univer- 
sity investigators of- unsolicited research prbposals 

' that are consist^t with the specific mission and 

objectives of the program. ^ 
' • Cooperative efforts among the universities, industry, 

an4 ERDA's National Laboratories » and Energy 

Research Centers will be encouraged. 

*■ , . • 

• An ERDi^ University Conference* was held in 
early November 1975 to acquaint universities with ^ 
ERDA's programs and plans and to encourage open 
dialogue and feedback. Followup meetings* sire con- 
templated, as is the establishment df a University Ad- 
visory Committee to provide input on^ matters related 
to the ERD A/university ijyierface. 



'Excludes funds (e.g.. about $75(T million , for* ofjcratfnfe:^ 
expenses in FY 1976) paid tp. universities send university 
consortia that operate ^P^iiciliti^s. ' . 
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ExpandinlMte^ion w 
Local Goveilljaenls 

State and local goyfenriments andl regional groupi^V 
are well aware of the Station's energy pjqablenis andV>^ 
have major responsibilitj^/or finding their solutions. 
Their perceptions of 4he probleftis, the candidate so* 
lutions,^and the possible local ancl^egjpnal impacts 
must become an integral part of thg^ p!annin^prc(ceS5 
for the energy RD&O program. 

State and local governments can contribute sig- 
nificantly to energy RD&D projects by providing the 
general public with the inforpiation necessar;^ to ob- 
tain sociopolitil^al consensus on energy matters and 
by encouraging the conservation ethic not only for 
energy but also for other natural resources. They fre- 
quently have the tools — taxatjon and^itirig authority 

/ to ameliorate some of the inequities brought about 

by new technologies. These govemment^tinits can 
make significant contribution in other ^vays as well; 
for example, 38,000 units of local government utilize 
enormous numbers qf buildings, vehicles,' and equip- 
ment and^are aniong the largest energy consumers in 
the Nation. They can take the lead in implementing 
techiiology improvement and conservation' method^. 
In addition, numerous municipalities are producers as 
in^ell as consumers of electrical power, thus they have 
an immediate and direct intereSjfc the execution and ' 
eventual implementation of BjMf^ jprojects. 

Among tl(p rples these organization^ have are: 

• Identifying Alie environmental, social, and eco- 
nomic impacts of energy projects within their geo- 
graphical jurisdictions 

• Developing and promulgating, when appropriate* ^ 
: revised local standards, taxing policy, and other 

incentives (5iuch as construction and land-use plan- 
ning) that facilitate and encourage .energy conser- 
vation, thj^use of new fuel sources, and the expaTcj- 
sion of the suppli of existing sources ■ ^ ^ 
. \ Defining questions, problems, and alternate solur^ 
tions with respejn to resource?extraction, transpor-^ 
tation, and, distribution 

• Helping provide information and data to assist th^ 
pulilic in arriving at an mformed sociopolitical con- 
sensus on energy matters 

Participating in niitional energy RD&D planning 
' '^^ Conserving energy in providing services and in 
operating government facilities within theirrijifis- 
,diction. ^ 

Technical assistance is being provid*^ fo il&ny 
» state go^^emments through the techiiolpjgy iitiri2a%)n 
program mentioned earlier. Technical representatives 
located in eight ERDA's'^National Laboratories at- 
r. t^^t to match^ate needs with technology available 
at the laboratories. The National* Laboratories are 
Ik working on regjonal asscssmeqt studies thdt will pre- 
dict imd evaluate the sopoeconomic, environmental, 



Ifld social impacts of energy resource developments. 
State governments are actively cooperating in these 

studies. / 

A fegional studies j)rogram is beiiJg conducted 
to predict and evaluate the socioeconomic, human 
health, environmegtal, and institutional impacts re- 
Jated to the development of all on-line aftd prospcc- 
''tive energr sources. Six ERDA laboratories are coor-. 
dinatin^^is program^on a regional basis and have 
direct contact with sTate govemjnents. This program 
provides* not only information to ERDA on potential 
environmental issues but also feedback to the states 
for use in energy policy decision-making. 

Th^itatcs are already aq^rvely engagedii^ exam- 
ining energy RD&D and broader energy n^atters. For 
example, under the I^tional Governors' Conference, 
five subconimittees have been formed to deal with 
national, coal policy. These subcommittees and their 
'♦chairmen are: Surface Mine Reclamatioif Governor 
Arch>lt!oore (West Virginia); Water Requirem^ for 
Coal, Governor Richard Kneip (South DakotaX^oal 
Gasification/Liquefaction, Governor Dan Walker^^ 
(Illinois); Coal Transportation Projblems, Governor/ 
Julian Carroll (Kentucky); and Boom/Ghost Towns 
and Financial. Problems, Governor ^Richard Lamm 
(Colorado). This work is being coordinated with the 
newly create^d*lntergovemmental Coordinating Com- 
mittee formed under the auspices of the Energy Re- 
sources Council. This committee will serve as a oen- 
ter for interaction among Federal, state, and local 
government officials in jJeveloping national energy 
policy, and is ialready working on synthetic fuels 
policy and coal policy. Specifically, the new commit- 
^^tee witl facilitate Federal interagency "coordination 
for national energy programs. It will alsd^provide a 
Vehicle wherein state and local govemmyits aiid 
their regional and national associations can be in- 
formed and consulted as policy plans are developgi 
to ensure adopted policies will hdve the flexibility tb' 
fit various gec^graphical situations. . . 

Beyond participating in energy RD&D I»Ucy 
' formulation and; technical information activities, 
states ' and localities are carrying out specific energy 
RD&p proiects^^JFor example,, me states of Texas 
ancf^ Louisiana arie. studying the characteristics and 
. development potential of geothennal energy algng 
thdTGulf cSksi. The City of ^Albuquerque, New 
Mextb^ih is involved ;in research on a pilot plant for 
. thermoAdiatioh of sewage sludge, while the City of 
Ho^bs, New Mexico,Vis working on a community- 
- wide energy management plan in cooperation 
the University oiOklahpma. . - 

The strengihening of Federal ties^ to regioi 
' state's, and localities is essential to the aclyevement 
of national^eneigy RD&D goats. To this end, ERDA 
is actively building new relationships with regional 
^ bodies and with state energy offices. Workshops cov- 
ering specific technology .areas are now 1)eing 
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planned. Information packets are being distributed 
regularly to all 50 stiates to keep state officials ap- 
prised of nationar energy RB&D policy and pro- 
grams. Several technology transfer programs that 
would bring the Federal Government and the state 
together in a \jariet^ of cooperative activities are now 
under consideration. This increasing interchange will 
"clearly result in greater input to. and consensus on 
the National Plan for Energy RD&D. 

Establishing the Regional Interface 

The domestic energy problem and its solution 
are national, regional, and local in nature. The prob- 
lem extends beyond traditional RD&D efforts and 
includes, as an essential ingredient, the market pene- 
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t^ation of near-term technologies. Success or'failufe 
in meeting, the Nation's energy.n,eeds will depend as 
much on the ability iq resolve complex economic, 
social, political, and ecological issues at the regional 
and local levels as on the technical quality of the 
specific energy RD&D programs. The Federal Gov- 
ernment must therefore be sensitive to local and 
regional needOt must also reach public and private 
groups at these levels to provide iViformation to them; 
to develop effective, productive communication links 
with regional, state, local, university, finstncial, and 
industrial representatives; and to receive f^eedback 
fronxtheShi on the problems, ptrogress, ^blic accept- 
ability, «nd bvei'air effectiveness of fiRDA's pro-^ 
gcams and .the National Plan.for Energy RD&D. To 
assist in achipving ERDA's, overall energy mission 
and in carrying out its specific »assigrfed energy pro- 
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gram respdrikibilities, an enhanced regional oap^ilit;^ 
niay be desirable. 

ERDA.is a nationwide organi;^tion (see. Figure 
*IV-1) created by the Energy Reorganization Act of 
1974 from a combination of Federal energy RD&D 
. units formerly res^^g with the Atomic Bje^gy Com- 
mission, Department, of the Interior, National Scienq^ 
foundation, and the Environmental Protectibit 
'>^geiicy. These diverse elements brought with them 
* considerable headquarters and field resources and a 
'variety of management practices. 

ERDA is composed of a headquarters facility, 
consisting of approximately 3,000 people, and si 
nationwide .field "organizatipn consisting of approxi- 
mately 95,000, of which more than 90,000 are op- 
erating contractor employees. This field organization 
consists of: : . ' / 

• 55 laboratories and production facilities, with the 
major operating contractors including universities, 
university consortia, nonprofit organizations, and 
private iAdustry. These facilities, most 6( which 
emanated from the former»AEC or the DOI's 
Bureau of Mines, include 8y major multiprogram ' 
laboratories, 5 Energy Research Centers, 6 engi- 

'■ necring labyr>ratories, 7 specia^i^d physical jre- 
seareh laboratories, ^and 13 specialized biomedical 
research laboratoriesJiThere are also 9 nuclear 
material pfocessirt^.plants and 7 weapons' produc- 

^ tion and testing facilities engaged in carrying out , 
ERDA's important national security responsibil- 
ities ^ ' v-\ r \ :^ 

• 8 goverrimeiitrstaffed: fieid*jbpetation$ Offices — 
from^ the former AlEd These Opefations' Offices 

. are -responsible' priftiarily for coAffaet administra- 

" tion, mapagenient,^ 'aO^. review 
responsibility for adnjifiistering the ^operating con- 
tracts for the govemmfent-owned, dbntractdr- 
opfcrated (GOCO) facilities in their region. Some 
Operations Offices also Have direct operational 



responsibilities and, in a few cases, fulfill program 
management' and execution functions. 

The diversity of this interface ^d ERDA's role 
to assist the private sector in introducing new tech- 
nologies to the marketplace, among other things, 
Necessitated 4 management assessment of field .Te^.^ 
source utilization. . 

As a first step in this assessment, ERDA estab-« 
lished an ad hoc group of expenenced R&D man- 
agers from iofiitstry, academia, and the ERDA field 
structure to conduct a Firid and Laboratory Utiliza- 
tion Study.* Based in part on the study group's rec- 
ommendations and on other management considera-^ 
tions, ERDA is studying possible organizational and 
management actions, including: k. 

• Delegating project execution authority to the field, 
on a case by case basis . • ' 

• Assigning specific mission responsibilities, to se- 
lected laboratories and Operations Offices 

^ Developin^^^ coordinated approach ^"10 marshal 
the various technical resources in each region to 
help ERDA attain its energy research, develop- 
ment and demonstration objectives ^ 
^ Several task forces are now under way and will 
be reporting their findings and recommendations to 
ERDA management. These task forces must con- 
sider both the benefits and the consequences of such 
at:tions. In addition, alternative approaches, staffing 
and other resource inlplications, a^d possible dis- 
ruptions during a transition period must;be defined 
tmS evaluated*. ERDA is taking initial actions, where 
thei^^appear. appropriate, to increase field responsi- 
bilities, but the scope and timing of these and possi- 
ble future^changes require and will receive carfful 
, review. ' . * 



* The results of this independent ^tudy are contained in 
ERDA'IOO. Report of the Field and Lahoratorv Utiliza- 
tion Study Group. December 1975. 



Chapter V— Im^ementing The Plan: 
ERDA Planning System - 



Under the Energj^ Reorganization Act of 1974*, 
the Federal Nonnu<Slear Energy Research and De- 
velopment Act**, and^ several other statutes, E&Dj^ 
is« assigned planning jcesponsibilities that extend be- 
yond those necessary tA^formulate the piogf^s that 
the agency, conducts diTe^tly. One of 'ERDA s major 
responsibilities is to update its National Plan for^ 
Energy RD&D annually. Recognizing that its plan- ^ 
ning responsibilities have impact on other FeMeraK 
agenciesj^ industry, and.ethe public, ERDA Believes , 
* it'is un^>ortant to document the Planning,T*rogrln^- 
mingjv Budgeting, ^ifnd Revi'ew ^PBR) system i^is 
developing to ^ischarge itji statutory malfdates. 

The overall objective of ElSpA's^PBR system 
is^o provide an idtegrated and disciplmed approach 
to apaiy^g the Nation's|»future enislrgy technology 
needs; foifliulatinf the ^FederaLrole in addressing 
thbse n^eds; designing targeted j^ogram$^to conduct 
ERDA's portion oT the Plah;^. allocating resources 
consistent ^ith the Plan^and program design; and 
ensuring' that ERDA's programs are effectively man- 
aged. Accordingly, the PPBR system will address 

maiof iftues suTJh as: ^ 

. 

• What new energy technologies should be pursued 
natipnally^o meet energy goals? : ' ^ 

• To^yvhat e^xtent will the private sector develop im- 
portant technologies without Federal assistance? 

• ll Fedefal assistance is involved, what is the'role^^ 
3f RD&I!) in comparison to regulatory, fiscal, or 
institutional solujions? 

• If Federal RD&D is involved, what specific pro- 
gram goals are appropriate, who should man^e 

' the program, and* at what cost? 

• If ERDA is responsible for RD&D, what is the 
most 'cost-effective program plan and telated 
budget? . 



PPBR System Structure* 

^ ^ > The general feat,ures of ERDA's PI^R system 
are illustrated iff Figure V-1. The system comprises 
analytical, pishing, • resource allocation, program 
implenientation, and program evaluation activities. ' 
The ansdytical actfVities provide support for the plan- 
ning activities, which focus (tn normative, strategic, 
and proj^am planning. Strategic and program plan- 
h'm^n turn help guide the resource allocation and 
program implementation activities. Program evalua- 
tion activities .serve to check, actjual progress against 
planned pr'^p^ss and provide a basis for updating 
and changing planning goals. 

. Environmental planning is a key part of the 
ERDA PPBR system; environmental issues (includ- 
ing occupational and human health, safety and w^el- 
fare, and ecology)^ are thoroughly considered and 
weighed throughout the analysis and decision-making 
process. Accordingly, environmental planning is 
being en^bodied in a formal structure within the 
PPBR to .ensure tlj^af approprialfe environmental 
RD&D priorities ar^<maintained and that ERDA re- 
sources are alloSated'to produce environmentally ac- 
ceptable energy technology options. • 

.Planning Activities 

PPBR activities focus on three types of plan- 
.nijig-3-nonnative, strategic, and program— aimed at 
determining what -ought to be done, how it can be 
done most effectively, and what will be done. En- 
vironmental planning is an integral component of 
these three major planning phases. Accordingly, this 
section discusses each of the planning phases and 
then describes ERDA's enviroftmental planning pro- 
cess as it relates to non^ative, strategic,- and program 
plafuaihg. , • 



•Sections 2(b). 103(1), and 103(4), among others, of Public 
Law 93-438. ^ 
A Sections 4(b),* and 4(c), and 6(a), among others, of Public 
;Law93b-577. . • 



Normative J^lanning 

Noriii^tiyj^ planning identifies preferred solutions 
lOithe natiohaf energy problem; that Js, what ought to 
b^ .done. t*he identified solutions are based on a num- 
ber of analytic inputs and policy assumptions. As a 
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Figure V-t^*^^nij||, jl||5ur^M^ 



. fir^t step, reference projectiQt)^* that indicate'.V.^h^:^ resi^rce, maiiq^K^ reg- 



future state of the energy sysifem based on exiUing"^^* ul^b^^ procjc^^, na^oiiid Tj^fi^ 

trends must be established/ .T|ipse prbjections sciA'eV Ig^ barriers, prevailjcdg 

primarily to define fu|^e jJr^6l^ms and. i^^ '-'^ 
need for action. \ ^ifc*. ■■ ' ^ . 
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solute and tpM 
ogies^environl 
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Second, normative aiiaiysi^ifivGive§ the^ ijevel^* 
opment of alternative caSe^ 
that replicate the dynamic p^cJEfipvr^ 
system. A series of cases] 
future ^likely cond^ns is^^:^eloped^i>y >^s»gninjg<' 
reasonable valijtjBpr^Ohang^s^,^^ 

tjechnolbgiSaVdey^J^ ab- 
^pj^s of van^jf^s fuels and techno]- 
tlD^tandards^patus of control tech- 
nologies, popuf^tli^h distribution i^nd makeup,. GNP 
ami its compp^i^s, capit£^ availability, Jndu^al 
^process, labor productivity and iffe stylQ5«^he|f 
\|ases developed will suggest alternative directfons for ; 
tKfe evolution of current energy^^tem. thrdjugh time;, 
and define objectives towar^*^ftith new ^sUategic 
approaches and pplicy development could be onbnted. 

Examination and comparisiol^ of the cases can: 
provide insights into policies, technologies,, or othet 
.factors that are important regardless of the Nation's 
future direction. ^ Normative analysis also identifies 
. problems common to potential futures, defiril^s com- 
mon needs, and in(j[icates ttvs probable market size 
and likely timing range for new technologies. The 
reasonableness of these cases can be tested and the 
impact compare^l of any inhibiting constraints (e.g.. 





\;^i^6i;matiYe ijirase. 
ji!^' Thelcey^^ of stt^w 
tion' of the .private sfector^j^sipn 



^p^Ae^tiorr must be 
il thafl they were in 



/ 



jce cases halfe,^. 

6e4|x^. assessed; i<^o1c»c*an be ^ made and action di-$^ 
" j^^riliat siich chjMces dictate.^ 
U\n6t*diremd tonun 

Strategic Bj^nning ^; ^^^^^f'^'^.:^ 
" * ■ Stra^» iplannihg':;^^^^ 
lined in tffib , normati;;^^ 

achieved most' effectivd]^^^^ \tveVot^^ 
ptanning^bo^ specific en^ijQf^ystecD Opid ^d' 
the constj^^l^ to their Wrk 
Irtia^zed m rmq^ greatei;' 

3lps( 

1^ i^ tihe replica- 
^ g procqiss to 

detemfijie agwopriate p^s^ahl^ipSbSk^ w^^ 
To the m^a^^um bxtent possible^ ;^fie Analysis. is 
bs^edj^n^ajmntitative assessnient ot jpnefits, costs, ' 
and mb;.^l®ihermore, the analysis ttiust employ , 
decision%iteria apffl roleS ^propriatq for the market *^ 
sector in which^e energyj9t|tem optMh will be 
introduced: ^ 

The fundam^al logic '^?tttin^rH^^ strategic 
planning is illustrated in figure V-2. The private 
. sector is the ke^ J^rument for achieving, market 





penetratiort of new energy technologies. Goveritirfient 
RD&b invol\>ement will be restricted io thc5se,i^n|r^ 
technologies ior which (1) pitv^te returns are tod Iott ^ 
or market barriers too high to induce private sc^^tor, « 
activity, and (2) public returns are sufficiehtly higlto 
to justify a government role. -it ^ 

If jhe private rate-of-retum and other figurea- 
of-merit for an energy, system option do not meet 
requirements, .the venture will not* be considered for 
private funding. If the venture docs meet the rci.quire- 
meji1& and it seems likely that the priVia^ sector will 
ti^^he t^enture, then the government wjU perform 
bmy its legislated regulatory functions;. 

If factors that preclude sponsorship of the yen 



ientlf high jf9^ just! 
i^Wt publi(>!tate-o{*: 
nriust^then be det^mm 
inVolvemer^t is appropriate;. The F 
uS| varij^ incentives (e^-, 
capital gra^^price supports/res< 
' peqKblunding) to induce the priv' 
I vatSr. to accelerate tMf^te S itiffbduction of new 
^nrr^nt'^ in tl^p manH^ace. The nipst effective 
determined Ijjk^tepeating tjie 



be .^igh,' it. 
|f gov^ment^Sifc 
1 GovernAeht 
/aranteecf Ip^ms, 
cj^ anS^ deveiop?-?' 
;ebtor^o*inno- 



ince 



lets in 
itive{s) 



nnar 
can^be c 

private sector* aeJBoti Analysis aftid determining 
Ni^hich^ncenti^es result inShe venture meeting the 
private serfo^jHnvestme^ criteria', "those incentives 
most li)cely to induce vivate, sector participation at 
the le^st .cQ^t. to the gSvemment can then serve*, to 



ture in the private sector are ..identified (e^., Jiigh 

risk, high exposure, market fragmentation), it will /define the priritary^ov^rnment role 
Qccessily to determine if the public rate-of-retunSi§ f Outputs" bf ;the ^strat^ic planning process in- 
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ciude a. listing of energy systern options ranked ac- 
cording to their relative, importance within the 
' ERDA progranis and a definition of ERDA aptiyities 
an^t4&ource levels required to assi^the priv^^^ 
top in. the market penetration phas^of the various 
energy systems./The^e oiitpu^t^^ for 
IpM-^^^^^ five-year)- resource illocatfori among 
V tfie^arious strategic alternatives^^ 

Program Planning ' 

^ ' Program planning deiscribes the detailed ipeans 
»by which the ERDA program defined in the strategic 
planning phase will be implerfiented. Decisions are 
made pojicerning what "wiU^Jlte done* by ERDA to 
sjitisfy^the natiorfal "oughts" sjjecified in the norma-** 
tive planning phase through the "hows'" described iif 

: the strategic >j^a,nnin*g phase. The key outputs of this 
phase are technbft^ prograpi plans. (e.g., fossil, geo- 
thermai) that set forth in detail what will be accom- 
plished; these plans serve as a key input to the re- 
source allocation, program ' iinpl^menti(^on, and 
program evaluation activities. ' 1^ » 

^lEnvirpnrnent^ - Planning 

1%^ . ERDA recognizes the need to ensure that en- 
v^nm^ntal planning >hd;^performance are reviewed 
ihie highest iFvels of decision-making. Environmen- 
tdU'healtli j;oals are addressed at each decision 
f-<iSyCo*icept^ research,, pilot plant, demonstra- 
and related to the technological and economic 
goals for energy production alternatives. In this way, 
energy RD&D alternatives are designed to have mini- 
mal ^Environmental impacts and energy development 
decisions can be approached with full cognizance of 
their environmental implications. 

The environmental pfenning process results, in 
several major outputs an Environmental Develop- 
ment Plan, a Balanced Program Plan, and '^ As- 
sessment of Environmental Impacts. The keystone 
of the process is the Environmental Develepment 
. Plan (EDP), which is prepared *to accQmpany the 
progranl. plan for each majdr technology thrust. The 
^program plan and the Eb? for a giveh technology 
"guide the research that ERDA must coordinate to 
ensure that the technology is environmentally accept- 
afte. The purpose of the EDP is to»ensure consid- 
eration of XI) the health, environmental, safety, and . 
control technology requirements th^t mifs^be met for 
th^ technology to become acceptable, and (2) the 
^social and institutional implications of the technology-. 
:-Tjiese issues are often Jieglected until the. technology 
is well advanced, leading to costly delays at a time 
when the technology may seem most promising. 

The EDP documents* the planning, budgeting, 
management, and review processes for the environ- 
nfiental aspects of each energy technology, and also: 

• Assesses the Current status of under£»tanding with ' 

■ ■ ■ ' 



respect to environmental and institutional prob- 
lems V 

Identifies major prt^lem areas and topics requir- . 
,ing research « " / ' - " \ • \ 

• Designates significant mifestones ' ' 

• Specifies requirements for periforilianpe monitoring 
and -supporting research^. '^♦^v 

. Definition of the EDP requires cjose interaction . 
between those responsible for developing the energy 
technologies and those responsible for ensilring their 
environmental acceptability. This close coordination 
will provide the necessary visibility to ensure that all 
components are compatible^ 

The Balanced Program Plan (BP?)* is, in effect, • 
the program plan for ERDA's* envirpnmei^al re- 
search. Environmental research musy normally be 
conducted along disciplinary (as opposed, to^nergy 
technology) lines. Using the^information collected in 
the EDPs, the BPP defines the, disdiplinary researct; 
that must be performed to meet the needs of alt 
energy technology development. 

The remaining component of the ei\vironraental 
planning process is (he Assessment of Environmental . 
Impact, which culminates in the preparation of en- 
vironmental impact statements at major decision 
points in a technology's development. This process 
prcrvides the primary means for identifying and docu- 
menting the environmental, technological, econdmic, 
and other factors considered in decision-making. As 
public communication is an essential pait of this 
process, actiA^ities are strucfured to Inform the public 
and organized interest groups of estimated impacts - 
and to provide o.pen channels for ERDA to iiespopd 
to specific public concerns in the decision process. * • " 

Resource Allocation Activities 

. Resource allocation'activities are based on: 
Federal role ind objectives defined through stra- 
tegic^ planning 

• Relative program priorities and long-term resource 
requirements based on strategic planning and an * 
estimate of future budget constraints " 

• Status of thisf^current program (e.g., study phase, , \ 
pilot operations, demonstration plant) including 
the work t^be done, as descr|,bed through program 
jplahnihg. ^rid Jhe degree of private-sector cost- 

' sharii|g being achieved 
•/ Size and relative priorities of the Federal bu( 
as , determined by the President and Congress 
oh^otaL budget constraints and competing de 
for Federal funds. ' v , ' 

On the basis of this informatkni, ^ trade-plfs 
aimed at allocating ERDAAresburces Iq'^c most im- 
portant activities can be'clearly defined. . 




' ERDA-n6, Balanced Program pran Analysb of 'Blomed* 
ical i&id EnvIroni|icntal Rdwarcli. * 
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Program* Implementation Activities 

« Program implementation activities foc'us on.^e 
development of an operating plan, thdt delinea|4ypc 
specific activities to be accomplished within ap gpgve d 
budgets. Through program implementation, HkDA 
management: 

• Approves program execution, jncluding annual op- 
erating plans for specific programs ^. 

• Establishes the controls that govern^ implementa- 
' tion by the oggrating elements ' 

• Establishes the I milestones or other means iot 
management review considered essential to control 
the pi:pgram 

• Prescribes the -framework for timely reporting 

against these milestones. - 

'., '■ . • . , 

Program Evaluation Activities 

The overall PPBR process is dynamic and adap- 
tive. Managerial* action is initiated in r espo nse to 
specific problems, defined as an identified difference 
between an existing situation and a desired situation 
(e.g., perceived actual progress versus scheduled 
progress on an RD&D program). * • 

The program evaluation process produces ex- 
ception reports that identify differences between the 
desired conditions specified in the operating plan <and 
the current actual conditions. Actions to eliminate or 
-reduce serious differences are then defined. The pro- 
gram evalu^ion process is conducted monthly. 

Annually, a summary review is conducted to 
evaluate program progress vis-a-vis program objec- 
tives and approved milestones specified in the opera- 
tion plan. In addition, in-depth evaluation of selected 
key programs are conducted each year, with all major 
programs receiving an in-depth review evei^ three to 
four years. Program evaluation feeds back to program ' 
design and resource allocation decisions. ^ ' 

PPBR System Outputs -^^ ■ 



0 grant strategy for the market penetration of energy 
systQm^ options i^P|pse)ited, 'and the. major goals 



The PPBR" system ^eneifatesr seven key dooi^'* 
ments, the first of which is the National Plan w 
Energy RD&Ek^The Plan documents the normatify^ 
planning work performed by ERDA. For example. 
Chapter II summarizes the goals and priorities thtjt . 
help define what ought to be done if the energy prob\ 
lem is to be resolved through technology develop- ] 
ment, and Chapter VI describes some of the initial 
anfalytical work undertaken to^ support normative 
.planning: • ^ - . . 

. The ERDA Bi^get i| the other important com- 
prehensive document. Thf budget presents near-term 
priorities anjd the annual alloc^ion ofjesources. 

The five remaining* documents are developed 
for each technology p'ro^anr 
• Program Strati^./ vjnfi'is document ^explores the 
need for a Federal role and the effectiveness of 
Rb&D jEind other progranvnatic solutions. A pro- 



arit milestones fol*f)r0grams necessary to imple- 
^ ment that Strategy are lestablished. ' 

• Pr^ram Plan. The program plan charts the de- 
^jji'tailed course of the program' over a pejiod of sev- 
' eral'years, including major programmatic (l^|sioi\s 

(e.g., should a demonstration phase, be under- , 
Jaken?). , / , 

& ' * ^ ' u 

The plan specifies elements such ais m^n^ 
ment structure and roles of other ageq$|^' i^d 
definie^ the most cost-effective Feder^Jptogram 
fo^ achieving the agreed-upon objectives.. . 

• Environinenbl Development Plan (EDP). A com- ' ' 
panion document to the program plan,ithe EDP 
outlines the program of environmental research; 
that ^ must parallel technology development, and'^ 
details a program for resolving those issues in a 

' time period consistent with the rate of technology 
RD&D. . ^ 

• Program Approval Dpcmnenf. The PAD is a pri- 
marily internal ERDA document that functions a?^ 
an operation plan. A one-year slice of the program ' ' 
plan, the FAD's purpose is tov provide a baseljbi 
for monitoring*^rogram operations dufing a given 
fiscal year. The PAD also contains some summary 
program plan mater^ to' provide a context for 

. fiscal year operatibns. , ^ . 

• Environmental Impact Statement ^EIS). Within 
the structure of the National Environmental Policy 
Act,, ERDA intends to use the EIS as a major 
input to decision processes. Where required, an 
EIS describii^g major program decisions is pre- 
pared. Thiif EIS corUains a summary of the infor- 
mation dev^pped by the EDP and addresses en- 

'>y1ronihentab^d other issues raised in the EDP^ 
^ ^Jih$ Wj^f envii^^ identified at^he 

• 6«^nrigg' crf ^a^ program phase and 
^ ^enf^ically addressed throughout the placing - 

rotess. 

<. . ■ ♦ .. , ' 

, A variety of analyses link, the National Plan and 
the individual progran>v planning documents. Eco- 
nomic conc^erations, for example, help establish the 
relative costs and benefits of tedinological change. 
Net energy analyses, energy system studies, and . 
energyrenvirohmental' trade-off studn^ help distin- 
guish the relative priorities of discretV technologi(^ 
within a class of technologies. The statuXpf ERDA's 
ongoing ^^fforts in the areas is discussed Chapter 
VI of this report. 

ERDA believes that its overall plannin£/t>rQcess 
will benefit ^rom'bomme^ and consultatioix by others. 
To faglitj^te this interchange, the^ key steps in 
ERDA's planning must be understood! Accordingly, 

' ERDA intends to pubjis^ descriptions of its PPBR 

/systenfi as they becbme available. 
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. Chapter VI— Factors Inf lUencipg the 
Evblution oif the Plan r 



* 1 ■■ ■ i 



^ The Ijjational Energy RD&D Plan must be 
responsive '*to coiltinuous changes in the world, both 
with regard to energy and non-energy events and 
policies. For example, changes in private investment 
and technology development, in oil and gas reserves, 
in energy demand levels, in economic conditions, in*i 
environmental considerations, and in life styles 
affect the basis on which the Plan is drawn. 

In arriving at this revision of the Plan, EJ^DA 
has examined a number of factors, falling into three 
principal! areas: ^ « / 

* ' • ' " • \ ' 

• An assessment of the basis on. which th? earlier 

version of '"the Plan was predicalea, inclwding; 
domestic 'and world energy resources; and energy, 
-'^ economic, environmental, legislative, and other 
developments.. . 

• ^An assessment *of the 'comments and crjrtcisms of 
ERDA-48 by:yndustry; the. general ^^lic; re- 
'gional, state, alud local interests; otheS-F^cral 
agencies r. and Congress. Th<fse useful comnib^ts 
havje materially influenced the Plan. 

• An assessment 6t recent energy system analysis 
' studies aimed irt: 'undeVs^hiding the relationships 

between ener^, ecohomiq growth, ajj^d eqvirpn- 
meiital impadt as- a result of the introduction of 
new energy tfechnc^gies ^'nd other energy policy 
initiatives; calculating the net energy aspects of 
energy technologies; and supporting market pene- 
tration initiatives' thrpugh specific market studies-v. 
Although most of t||se studies havd not yet been 
completed, it appeaft that they will be extremely 
useful • in: selecting - the most promising frojn 
among the lacge nuniber of individual energy tech- * 
nologies being proposed; ind^tnaterially assisting 
, ein clarifying tho degree of Federal participation, 
if any, required to develop and introduce, new 
technologies! They do-notyet suggest the neeH for 
- a shafp revision in the basic goals and strategics 
. of this Plan. 

Subsequent sectioir^iiof this chapter review each 
of the above assessment?,; arid descrihgs their implica- 
tions for this Plan. In fiiture iPlari revision^, ERDA 



.will continue to make and report on similar assess- 
ments. 



International and Domestic ^ Events 

The fundamental strategy of this Plan is to 
brpaden the domestic energy resource base through 
\.the .introduction of pew energy technologies in the 
private sector. This strategy is based on the obser- . 
vations that worldwide supplies of oil and gas are 
finite, that domestic production of oil and gas has 
entered a stable or declining phase,* and that other- 
domestic energy rescturces are available in sigjiificant 
quantities. Eveiits of the past six months, wliich are' 
reviewed- below, support this appraisal. Moreover, 
clarification of ILS. ienergy policy by the PrQSident 
and tongress, although very important fbi* the near 
term, does not alter the fundamental problem of i^-^ 
balance in the Nation's iisc of energy resources. 

Geographical Concentration of World Energy P^- 
Resources and Reserves* [ . 

Although world ener^ fossil fuel reserves are . 
very large, their geographical : concentration is ah 
imp<lrtant consideration in assessing- aVailability« 

Petroleum andv^n^itural gas reserves are largely con- 
. centrated in tljti^;^stern Hemisphere, with oVcr half 
^ of - the world's ^total in the Middle East and North 
Africa^ and most of the remainder in the Soviet 
'Union. The U.iS has the next larg4§tresefves of oil 
and gas. j5ut .in spite of 4he largeTatmdian^nd 
Venezuelan producing industries, the o^. Ind gas 
preserves of "the Westfem^ Hemisphere represent only 
13 percent of the world total. i- ^ 

Rei^rves are essentially the proveoj^invenfory 
that producers must have-.p^i hand to coritinye op- 
erations.' Based on world fates of ^grodudtion io 
1§74*, the total reserves of petrolelirit would last for • 
another 35 years and th& worJd coaj' reserves would 
!ast>fci about 175 yea^^-iOf course, thes^ global 
averages are dgceivingwte^yse not all ^producers 
' have equal call on ifie existii^ stock, and, furtfier, 
demand can be expeqted to increase in the future. 
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The level of reserves is not sialic and il is gen- 
erally expected tWal addiiional resources will be 
located and ,fpovea -^inio ihe Irescrve calcgory in the ' 

* established^l^roduciVig areas. Resource cslimaics' 
(usually, several limes as large ^s ihe reserve cslir 

' mates), include extrapolations not only of additions 
in existing ^ proven areas, but speculations about' 
potential new discpverios elsewhere.. In the Midcfle 
East, some estimates suggest that the presently pub- 
lished petroleum reserves may ultimately be at least 
twice as large. The U.S. Geological Survey estimates 

* that ultin^ateljutjierc may^be from twp to fcjb* times . 

/ the>;^rrent 5^e^ort U:S. reserves or liquid 

fuels. Evea rfi^.re speculative, but oj great curr&ht 

. interest, i^^Ithj growing potential of offshore pro- 

•'^ duction of oil ^;nd ^gas, particularly in the U,S., the. 
Jv^rth Sea, ; and the Canadian offshore (in(;lu3ing' 
the Arctic),] ' ■ v' 

Unless* properly interpreted, however, data on 
res'oUrSe estiftiates* can b^ liisleading. These re- 
sources are noj ensured sources of supply, since in 

t many cases, technological advances are required to 
locate, develop, and use thern in economically and 
en\uron mentally acceptable ways. Appendix A pro- 

, vides a more detailed discrci^ion o^the world energy 
resource picture, including data on the geogrciphical 
•.concentration of rcse^rvcs and on the magnitude of 
totdfl re^i&rvcs and resources, ' 

It -seems reasonable lo^Scpnclude that the geo*- 

* graphical distribution of fossil energy resources will 
not be raidicaHy different from the distribution of' 

> today's rcsci-vcs. In thi^ regard, the U.S. has about 
8 percent of the world's recoverable oil and gas re- 
serves and about 35 percent of the r?;coverable coal 

'^reserves. Discovery of new reserves can stretch the 
world's finite fossile resources, and that is desirable; 
but, new discoveries arc- unlikely to result in changes 
in the location of new rpserves. To .the extent that a 

♦ nation wishes to draw on domestic energy resources, 

• the lp}3ig-term problem remains. 

Xontinping Worldwide Dependence 
on Oil and Gas 

In spite 'of rising ^costs, the worldwide trend 
toward greater dependence on oil and gas has con*> 
tinued since the original National Plaii. This trend is ' 
expected to continu c'unl ess affirmative action is taken 
t9 increase the jjse'^BiTb^^l and cjevfclop alternative 
. sburcp?.' ''^ . / 

•Developed countries; .other than thor centrally 
planned ^tCommunist) econoftiies, and^tne le5s de- 
*Vwfeloped;*cotintries rely on' gas and^pH; pah|ctfTa 
irnperted Oil; tor three-fourths opflieir e^tpgy-Qeeds. 
Relianceton coal is minimal in the less develcJped re- 
.gions, e;ccept in a few couht5"ies such as India and 
. Korea. The centrally, pJanned economies, however, • 
reiy^.(Jn coal for over half of their total energy sypply 
and on oil and g'^ for most of the remainder 



In many countries, there are. few alternatives to 
imported oil. Thcxprospects'-for Coal are' not encpiir- . 
aging in* some countries since incei^tives and advan- 
tage's will continue to. favor rapid development of oil 
and gas until new energy sources *are available. The 
less developed, countries would benefit greatly from 
^ new technologies to use* solan and othe.r renewable 
.: re^ufces, developed countries<-€an undoubtedly be 
of a$sistaftcd in transferring and applying such tech- 
nolpj^s. 

Thus> the .inertia of an infrastructure devoted to 
oil and gas, the difficulty of converting to other re- 
source bases, and the absence of alternative domestic 
enei^y resources in some countries^ (e.g., Japan) will 
all contribute to a continuing qr increased worldwide 
dependence on oil and gas. Short-term variations \n 
petroleum supplies 'should not obscure the f^ct that 
in the long run a finite resource will, in the absence 
of action to the contrary, be subjectecj'^tp ipijreaising , 
demand. ■ _ , - , v * 

^ V " . ' jp > - . ■ " ' ' ' ' 
Continuing U.S. Dependence on . Oil and Gas 

The problem of continued heavy reliance on thf ' 
least abundant resources remains. The current reli- , 
ance on oil and gas in the U.S. is reflected in recent' 
statistics on energy consumption. As shown in Table 
VI- 1, these two sources accounted for .approximately .> 
75 percent of total consumption .in 1974. BasGjd on *; 
early estimates, these fuels accounted for about the 
samo percentage of total consumption in 1975. 

^ Dependence on imported oil has jnot decreased 
significantly even though U.S. oil demand has^ re-? 
mained well below the l^vel of just two years ago!*! 
The decline in energy demand in the U.S. has been 
about 2 percent in ^ch of the last two. years, while ♦ 
the level of imported petroleum has also fall^n'SlightlyJFV' 
and is not g;reatly below the level of 1973. In spite' of 
increased OPEC prices, the import dependence, on 
OPEG: countrie's in gendral and the Arab countries 
in partiitular has grown during the past year, Impoftsf\ 
now acTcount for about 37 percent of total dil; con- 
sumption, with OPE.C countries accounting for about . 
two-tjiirds Qf all imports, o H 

, , The normal , economic expectations ^at higher" 
• prices Nyould- bring forth ^arginal supply and ^add 
diversity- among export *Ofiirces have riot rfiateriali^ed, 
at least in the ^hort term. Recent increases in dojfies-^ * 
tic drilling* and/explo/ation actfvity should, hovJt)(tty 
lead" to new fields and additional production^ in'^he ^ 
future. . - * 
. . Infport dependence« on 'OPEC production J&i^ , 
Hkely to decline" in the nea^ tcafll. V^stern. HettT^- 
sphere sources have not proven reliable oflfsets to ' 
Middlc/East andf othfer Eastern Hemisohere f)roduc- " 
tion^ Canadian crude oil export^ to'lbe U.S. are: 
scheduled tp be cut by one-third in 1976 as corhpar^d 
to 1975, and to be phased out entirely in 1981j. \ 
Venezuela, which had lQX)gU)een regarded as a favor- . 
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Table 



» Energy Source 


Houtehold tnd 
Commercial 


Industrial 


Trans* 
pprtation 


Electricity 
Generation 


Coal 


0.314 


4.406 


0.002 


8.520 


Natural Gas (Dry) 


' 7.518 


10.018 


0,68^ 


3.512 


Petroleum^* . 


6:061 • 


5.907 " 


17.720 


3.480 


Hydropower* ; 




, 0.037- 




3.253 


Nuctear Power 








1.202 


TOTAL 


13.893 


29.368 


18.^7 


19.967 


Source: U.S.. Bureau of Mines * 









U.S. Gross Cbiisiimptiort 6f Energy (IQis BJU)^ 

, , r ■ .1974 ' ' " . 

utility 



0.1246 



0.246 



Total 
Energy 
Inputs 

13.241 
21.733 
33.414 
3.290 
1.202 
7'2,880 



* Dafa may riot add tOMtolal because of independent rounding. 
Including natural gas l^l^u^s^anc) refinery gases. 

— ' ' ^ 



Percfhtage 
of Total , 



18.2% 
29.8% 
45.8% 
^^4.5% 
1.6% 
100.0% 



Estlmftcd for 1975 



III 


-Pe rentage 

of Total 

■ ' / 


13.394 




20.173' 


28.4% 


32.701 


46.0% 


3.158 


4.4% 


1.652 


2.3% 


'71.078 


loom 



able source of oil supplies for the U.S., plans to' Hold; * 
Its long-term production about 2 milixpn barrejr 
per day although its current daily producipg capacity 
is in excess ©f 3 million barrels. Other Western 
^ H[ciTiispher(; source's have little export pmential and 
the U.S. expects no sizable additior^s to domestic 
production until North Slope , oil starts to flow jn 
1977. -Consequently, U.S. dependence on the Middle 
East and 'other Eastern Hemisphere 'source«> may in- 
'.crease* even more in the near term.. 

In the near term, it Is physically possible for 
foreign, sources to supply our needs. Spare producing 
capacity in OPEC countries was> recently estimated 
*at 10 million barrels per day. OPEC produttion had 
fallen from a quarterly peak of 33,million barrels p^r 
day prior to the Acab oil embargo to,.S low of 26 roil-- 
.' lion barrels per day in the spring VI 975. Higher. 
Levels of production and'txports in the third quarter^ 
' pi'ior to the October 1 increase in OPEC prices, were 
. followed by sharp cutbacks ahec the 10 percent in- 
criase took effect. At the same^m6,,with economic \ 
recovery under way^^n the major^mp^rting countries, 
• it is likely that eiig^y demand will increase and the ^ 
decline in OPEC production wijl^ be halted. 

As economi^.and energy growth' resurrfes in th^ 
U.S., there is a d^ger of slipping back into tlie s^me 
jpattem o| ilneeting incremental su^plj^eeds with'.im- 
/ ported oil. The ciirrent upturn 6f ecoriomif: activity 
.' in the face of declining domestic* oil and gas produc- 
' licMt Avill probably le^ to higher imports initially. 
Domestic .crude oil producj^'ion was . at a rate of 8.4 
. . Inillion barrels per day in 1975— more than a 10 
percent decline from the level prior to the embargo. ' 
,r/ ' in '1972. Domestic production of natural gas peaked 
3*1^ iii 197/at 22J6 trillion cubic ^eet; in 1975v;produc- 

■ Hon was around 20 trillion cubic feet, 
•j. /. , National detentiination ip cbnserve in energy 
^ 1: MSfiy to develop new sources of energy ^pply, and to^ 
tj^ . #hift demando^from oil and gas id ^ore abundant 
; Energy, fonn3 WiU b6 tested as ecc^"^ ' ' 
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sumes.<A measure of this difficulty is available from 
theVecent experience, during the recession,' when the 
decline in total energy use was comparable to the 
decline in economic activity. It appears that in addi- 
tion to a general slowdowrrin economic growth, con- 
servation also contribute^ to the decline in energy 
use. PEA has estirtiated that, in 1975, 3 million bar- • 
rafs of oil per day less were consumed as compared' 
to historic expected projections of detnand, and; that 
conservation efforts^ accounted for a substantial per- ' 
tion of the I'eductiofi. yet the proportion of imported 
oil ©hanged very little. ' 

The short-term- reliance on oil and gas is com- , 
pounded by the obstacles to using those resources 
which cbiild be expended relatively quickly — coal and > 
nuclear power. Technical, enyironmerital, and institu- 
tional factors cotne together to inhibit increased util- 
ipliorf of these resoui^es^ The prospect of increased 
reliance oil . imported energy fo meet domestic energy 
needs argu6s strongly for technology developments in 
general, and for near-tcrtti conservation and fqel^sub- 
stitutioh initiative in particular. In addition, it is Im- 
portant that the efforts of individual nations be co- 
ordinated through mutually, r&inforcing international 
cooperative programs, as discussed in Chapter IV. , 

New Assessments of Domestic Resources * ^ 

The, U.S. has both the domestic resources and 
the technical capability to provide alternatives to. oil, 
^nd gas. Perio^ic^assessments have indicated the ex- 
tent oC^ these resources. Resource assesshients in the 
U.S. are 7T)uc|i more thqrough and * soundl"^ based 
thg^ jn most of the re^t.cfPthe world. The frequency * 
of Resource survey's, formalized documentation proce- 
dures, aad.the use of high-technology exploration 
equipment all enK9:nce'thef reliability of the resource 
estimates. \' 

i Nonetheless^ q^w assessments are made periodi- 
cally and significant changes in estimates of the 
resource base dd appeap. As a result of^.new assess- 
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table VI-2 


^ Recoverable Energy Resources of the Urrited states 

(In Therrpal Equivalents) * ' * ' • ' 






Data In 






r ♦ If * 

Data from Recent Official Reports • 


RASOUrce . 


Units 


ERDA-48 Demonstrated Additional 
Report c Reserves Resources 


Total 


Source and Explanation 


Xoal 


Quads 


12,000 


4,900 ' 


i' 16,500 


21,400 


ERDA-^8 €fxcluded hypothetical' resources , 
and^those in aceas likely to be cipsed to ' 
mirting , . . . ' 


N;4tiir;4t 




775* 


^44 


- ,706 


^ • -950 r 


Estimates based on "Mean Values'Vof USGS' 
range of. undiscovered resources / 


Petroleum** 


Quads 


^.800* 


246 


. 704 


950 


Estima^s baj^d on "Mean Valu^" of. USGS ' 
range of undiscovered resources 


Shale Oil 


Quads 


1,200 

h 


727 


'473 


1.200 


Western-and Alaskan shale^ yiejding^25--100 
gal/ton . . ■ . ' 


^ Uraniutn*** ' 


Quads 


1,800 


'900 


. 900 


1,80*0 


Utilized in ' v . . , ' 


' Geothern\al 


^uads 


.• '400 

0 


" 102. 


" 3,332 


' 3,434 . 


Recoterabl*e Keat with preseftt or nearterm - i. 
t^bnolo^y « ^^^^ - 



• ERDA748 data based; on the USGS ''High F^rbb^blllty" estimates but excluding resources that may be produced througH tech- 
niques to enhance recovery rates. ,^ ;V* * « ! .. w f \ 
^* Crude oil and natural gas liquids. ' ' . . v / . ? - t ^ , 
**' The use of uranium in breecfer reactors cfli^ld expand th/e resource base to about 130,000 quads. V i< 
Note: See. discussions in text and biblio^aphy for detjliled references- - . ' < 



ments reported since ERDA-48. the ^^cstimated do^ 
^estic resource base has ^is|n significantly for xoal 
iind more thorough appriiisa^s have been made of 
geothermal and other resources. These jiew assess- 
ments are primarily the result of different interpeta- 
tiohs of pre^vihnsly^present^d daia and, in the case of 
coafy of major additions (o- the -more speculative re- 
sources. Nonetheless, the\ tend to. confirm the belief 
that/" the U.S*^ has significant domestic energy kti- 
lources that could loused to reduce depencfe'fice on 
h| and gas* Table shows the new estimates as 
compared to those in ^ri33A-48. ^ 

In ^ new. U.S. Geolo'giq^ Survey study,* the 
total coal resource base ^ as increased 25 percent 
from 3.2 trillion'^short tons to nearly 40 trillion short 
* tons? The* bulk of the increase was la hypothetical 
resources (587 billion tons), while identified resources 
were increased by 1 1 percent (171 billion tons). Coal 
resouEce? currently considered recoverable account 
. for less than one-third of the nearly 4 trillion tons, 
irefiecting, quantities in seams tod thin to be minted 
economically and providing for a *recover^ rate of 
50 peroentiJ5(3toothetical, resources and those in areas 
likely i^jj^^^^ to mining operations ^^^ere not in- ' 
duded u^^hei^^^^^^^^ analysis. 
^ .Sindfe^tjfj^'^.S. Geological Survey had complete4 
a new study of oil and natural gas resources prior 



*USGS Bulletin I4I3 (Averiu), "Coal Resources of the. 
United States,^ January 1, 1974," Washinrfon, GPO, . 

♦* uses Bulfelin 125 (Miller el al.), "Geological. Estima.tes 
of ^Undiscovered RecoveraJlile'VOil and Gas Resources in 
ihe.Uniusd Stales," 1975. 



to the preparation of ERDA-48, It was possible to 
use the^e ne^ USGS estimates in that analysis. A fol- 

' low-on study planned for'completiori in mid-1976 will - 
reappraise oil and gas estimates in light of the^recent^ 
changes in price-cost relationships that were not taken 

^ into account in the 1975 study: Thpse important 
-price cficcts could change tlip outlook in several ways: 
(I) some resources formerly uneconomic to recover^ 
may now be recovered^ (2) th© percentiage ratej of 
recovery may improve, and* (3) reserves may be pro- 
duced at a more rapid rate. \ . ^ 

The rate at which the oxistipg and newly.^'CStab- 
"lished rpserVfes of yil and gas will be procjuced is thq 
most crucial short-term variable. If producers' prices * 
are^high ancTexpectalion's for further pric^ indreases ' 
• are* l6ssenej5l, there cpUld bo^a strong incentive *to de- 
ple^^res^e§^^uch more quicjkly than previdusly 
estimated., •However,; linless -tlje^basic resource esti- 
mates are ih erroiff^ the^suflt may be simply to^ease 
the short-*^and nfld-tepm pr&blems and aggravate the 
^problem in the feng ^m. Expanding the application 
of enhanced oil and glas-fccoveiji techj^jg^es is a key 
program initiative for achie>j|ng the gfl^H-r^f'thC Na- 
tibnaPPlart for Energy Rl3&IXThcse:^j|;^ts of thi§ 
initiative were dfecusseS in greater detail iit ClfttJter . 
III. * ^ » . ' ' ' 

\ ; An extensive. evaluatipn of;Uraniuia resources 
'\i now under way that wilhTC .baped on detailed na- 
.^'^Vj.bnwide geological, ^ geophysfciil, and geocHemical 
^ studies and sifrveySft The evaUiation wilLt^ke several 
years to complete; but ii^formation will be made avails 
able as \t accumulates/ A .preliminary^^ report pul>, * 
lished'in January 1976 indicated, a 50 pei^cent in- 
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crcasie over earlier estimates, but the ERDA-48 
analysis had been based on the later estimates, which 
were then unpublished. « ^ 

A Itbw assessment of geothermal resources was 
recently-completed by the USGS in jcooperation with 
ERDA.* For eacli identified geothermsd system^>the 
parameters usedin calculating volumes, hQat content, 
^ and recoverabilities are listed. The preliminary' esti-r 
mates disregard costs, and they will be revised as 
n^re <^ata and better methods of evaluation become 
available: The geotherma^ potential that will Even- 
tually be realized is dependent qpen the development^ 
of new technologies for exploiting the various^systems 
in economic and environmentally acceptable ways. 
Estimates of the total potential would vary wim (he 
combination of resource systems employed and with 
variations in. the technologies to be used and the rate 
of exploitation within each of the four major cate- 
gories For example, the estimates for hot dry rock 
and magma are based 01^ assumptions of relatively 
low heat extraction an^ conversion efiiciencies. 
Higher efficiency assumptions would increase these 
several times. Thd estimated resources are shown in 
Table VI-3, on a heat equivalent basis. 

In the long term, thorium resources could also 
be important, but they do not seem likely to represent 
a significant alternative energy source in the near 
tierm. Thorium is a relatively abundar\t element (6 
parts per million in the earth's»crust vs. 2 parts per 
million for uranium), and resources are more than 
ac]equate to meet any foreseeable needs. No new esti- 
mates of thoriunTTiave been prepared in recent years. 

Other Events and Developments 

There are many legislative and environmental 
developments which potentially will affect the Na- 

' tional Plan and- program implementation. Recent 
legislative initiatives address automotive, consumer, 
and industrial conservation; the development of fuel 
Supplies from, lands subject to federally controlled 

^ mjjheral rights; strategic storage of petroleum fuels; 
changes in the pficing structure for oil; and Federal 
encouragement of new technologies. Environmental^ 
initiatives, particularly at the state and loc^I level," 
must b6 taken into account in fostering the develop- 
ment of nuclear power and the extraction of fossil 

* fuel^. ^ ^ 

The Energy Policy and Conservation Act,** 
recently signed and passed into law, has m^jor impli- 
cations for the Plan. This is especially true in the con- 
servation area, as discilssed in Chapter III. In gen- 

. ei-al, the Act stresses conservation ojid the lise Qf 
coal— policies which are entirely consistpnt with the 

'Plan, 



' uses Circular 726 (White and Williams), "AssessmcBl 
of Geothermal Resources of the United States— 1975," 
1975. . . 
♦* iPublic Law 94-163 
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Table VI-3 Geothermal Resources — ;EstlmatM Recover- 
able Heat with Present or Near-Term Technology 

(In Quads) 



^ Resource Type 


Known 


Infeh^ 


Total 


Hydrothermal Convection 




> 




Wapor Dominated (>150 degrees 


C) 2 


2 


4 


'Liquid Dominated 








High Temp. (>150 degreesC) 


20 




130 


Low Temp. (90* 150 degrees C) 


80' 


250 


330 


Geopressured 








Electrical Utllizatrorr \ 
Methane Production 


100 


, 230 


330 


. 500 


1.^00 


2.000 


iHot Dry Rock . ' • v 


80 


^40 


320 


Magma 


80 


^0 


320 


Total 


862 


2,572 


3,434 



NOTE: •Do«s not include (1) jformal gradients of^ heat in the 
earth, or <2) hydrothermal convection systems less than 
90 degrees C. * 
Source: Definition Report; Geot hernial Energy Research, Develops 
ment and Demo nstj-at ion Progran\ (ERDA-fifG), October 
1975, pp. 1-7. . 



The legislation also establishes a frampwork for^^ 
the gradual, but completl, removal of oil price con- 
trols. This partial resolution of uncerfainties concern- 
ing price should allow the private sector to plan more 
meaningfully for additional dopiestic energy produc- 
tion. The exploration for and development of not 
, only petroleum but all competing energy sources can 
proceed more smoothly, including the ' enhanced oil 
and gas, recovery^ and. synfuel initiatives discussed 
earlier. 

Othjcr developments have- more effect on broad 
aspects of energy policy. These developments are 
important, nonetheless, to the extent that jhey in-^ 
„ fluence the choice of new energy technology ^options 
at some future time period. Expanded oil and gas 
' supplies from areas where the mineral rights are cpn- 
trolled by the Federal Government and the^roposed 
deregulation of Aiatural gas are examples. 

Environmental developments are. critical to the 
evolving Plan. Several current environmental initia- 
tives are generic in nature (e.g., nondegradation legis- 
latipn, state implementation plans for meeting na- 
tional ambient air quality standards), with potential 
effects on all energy implementation plans. Other 
initiatives are program-specific (e.g., water rights for 
use in^ coal slurry pipelines, statewide mor^tpriaUjn 
nfe^ftiudiear power plants). 

yThijmp of these developments on ^he 

Plan remTprimarily to. the ne^d to. identify the major 
environmental and other issues in, the context of spe- 
cific programs, and to incorporate the resolution of 
these technical ^nd noa-technical issues into tech- 
nology devel(}pment plans. This implies a strong re- 
quirement for inter-agency cooperation (discussed in 
Chapter IV) as enyironmental'.sta^idards and techni- 
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cal RD&D prograips are modified to meet changing 
requireihents. ' • * 

- Assessment oif the Plan by Others 



* The importance o^4he review of the National 



Plan by others is expressed in Congressio|}al require- 
ments. In 1975 Congress re^quested tlj'e Office of Tech- 
, nology Assessment to' conduct a formal review of the 
* National Plan,* Also, The Non-Nuclear Energy Re- 
seart^h and Development Act directs the Council on 
Environmental Quality to undertake an ongoing as- 
sessment of the adequacy of attention to environ- 
, mental protection -and enor^ conservation in the 
energy R&D programs. In conducting this assessment 
CEQ is to hold annual public hearings, which in 
1975 focused on a number of aspects of the National 
Plan,** Iix addition, the external review of the PlaQ 
includes the solicitation of coitinients from state apd 
regional energy representatives, public and special in- 
, terest groups, industry, the general public, and other 
government agencies. This section summarizes th^^ 
most important comments and discusses how they in- 
fluenced the^ Plan! Other government agencies pro- 
vided initial input to the first National Plan in the* 
area of program implementation, (Summaries of their 
energy RD&D programs were contained in Volume 2 
of ERDA-48,) In the current Plan, other agency 
input and review to. Volume I (The Plan) and Volume 
^ 2 (Program Implemei\tation) were solicited. 

Review by OTA and .Public Hearings 
Heltf by CEQ - 

The OTA review and CEQ hearings on the 
National Plan for Energy RD&D produced the most 
comprehensive and- wide ranging comments on the 
Plan. In general, the^^eview and comments were most 
useful in hij^hli^^ing those areas where the Plan 
could be^hi^dc more responsive to the energy prob- 
lems faciM^tfie cbUhtry^ft. The comments can be 
' grouped dcVrding tq three ^imary issues: 
• The basis for planning (ind program execution and 
thfe resulting prio'ritifei should be reexamined. Criti- 
cisms included: exc^ve^reliancTe on a hardware- 
"briented approach; inadequate emphasis on con- 
servaty^; too little 'attention to . nontedihnical 
impacts resulting from ^cjinology development; 
too little focus on near^jjta problems; im- 

balance between . cn^f^^p^^{}ly ahd demand 
RJDjU^; overemphasis o^?9|^h. technology, capital- 
intensive energy supply alternatives such as elec- 
trifipatioit; inadequate emphasis on solar energy; 

* United- Slates Congress^ Office of technology Assess- 
ment, An Analyst of the ERDA Plan aiA Program, 

October 19751 

Council on Environmental <)uafity. Summary Report on 
1975 PubUc^earingst Environmental Effects and Energy 
Conservation Aspects of the Nonnuclear Energy RD&O 
Programs, January 1976. 




I inadequate emphasis on commercialization; lack 
of 'established goals tor the basic reseatph pro- 
gram; lack of importance given tQ^hviropmental 
control and protection; and managenient..(}6licies 
that appear inadequate to achieve goals.^ 

• The degree of cooperation and coordination with 
others should be increased. Criticisips included: 
insufficient provision for coordma|ion and^coOpera- 
tion with* international concerns, Federal agencies, 
state and. locdfl governments, and the general pubrr 
lie in energy planning and policy making. ^ 

• The a^idysis* supportfng the j^n shcHild be more 
comprehensive. Shoitc<)mings Vere noted in: eco* 
nomic and socioeconomic analysis; cost/benefit 
analysis; resource ^ssesstnent; foreign j^licy op- 
tions; physicaLlE^'environrneiitat, imiStutiQnai, a^ 
social constt^t^analysis; and net^ed:cr^ analysis. 

The^ Current Plan reflects Ihe^ OTA comments 
fi4 criticisms, and comments expressed to CEQ'at ijts 
rorings, particularly Jn the sections dealing with, 
^'^'''f^erm initiatives; the conservation program prior- 
lajor envirbtimental issues; increased coordina- 
tion with ot'hg^s; analysis of energy ^nd economic 
relationships, includiiig constraint and net energy 
analysis; and the role of basic research. However, 
many of the issues raised are complex, auid have not 
been resolved in this document. ERDA wiH continue 
to incorporate Ihese comments in futtire revisions of 
* the PlStn. ' ; . ' \ ^' 

Other comments obtained from the OTA review 
and the CEQ pulilic hearings indicated»lhat the Fed- 
eral mission, as expre*ssed ifv the goaUfof the Plan,' 
was too narrow. A related issue was this need for an 
expanded national energy RD&D prograth reflecting 
circumstances following, the Arab ^oil embargo. A 
significantly higher budget was suggested 'to accom* 
modate thp adoption of a broader mission and the 
"^urgent need for energy solutions. These Tssues were 
tmderscored in the OTA review: , ' 

ERDA*s Plan in many instances acknowledges the • 
need fgft .such a broad perspective and program. 
In fact, .tiy^ prpblems are not so much within the * 
Plan itsei£Vwh,ich is a serious and praiseworthy 
initial effort— in t^e Uck of a broad commit- • 
men^ and c^rd^nation when the Plan. Program^ 
and Budget are ^o;isidered together.*** ' 
Chapter III summarized the ERDA portion of 
fl>e national energy RD&D budget and program im- 
plemei^ation. The funding^'levels in this' pi-pgram im- 
plementation plan reflect the^ Administration and 
Congressional assessments .of the current energy situ^ 
ation subject to the effective utilizayion of manpower," 
facility, and budget resources. ^ * ' 

Certain issues l^fghlighted in the OTA review 
and CEQ hearings (e.g., the desirability of greater 



*** United States Congress, Office of Technology Assess- ' 
ment. An Analysis of the ERDA Plan and Prognun, 

October 1975, p. 4. *r • 
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. ener|^y'%Mependence as an energy policy goal) re- 
<)tiire broad public policy^ discusspn since they affect 
large 'segment^ of U.S. society. Qecision^ on these 
issues :^^npt^ be made singularly by government 

• agencies or by nWrow segments of 'society. The Plan 
can, however^ help focus on. thelse issues by providing 
siipportifhg' analysis ancf /orun^^s ^efi* discussion. For 
examplb^ prelimins^' conclusions Regarding the Im- 
pact of energy Jiolicy. on other sectors of the economy 

. are j>rds/nted iater in this chapter in a separate dis- 
cussion on Energy systems analysis stodies. 

, ERIIA Regibhal Public R^iew ' 

' -^he public rieview^ of the Plan provided- im- 
^^rtant insights TntO '^pecif^ regiooal energy issues. 

In the two public meetjng^' that were held;*j^onal 
" coAcejrns were-^expressec} about th^ future potential 
^ of various^ energy sources. These comments^ reflected 

the uniqueness of regional environments and were 
> tied to local perceptions of the nature and importance 
, oi probliein^ associated with development ^ of energy 

alternatives. > .* , 
^ [The* other main issues addressed by the pg^rtici- 

pants;in the public nietings ^ere: *^ 

' • Th'^ goals of the Plan s\iould be more realistic and 
should cohs^er sucbTCgidnal constraints as re- 

j; sbiirces, capital,^^nd fnahpowe^. . 

The .degree of 'coordination between the Federal 

• Government and stated Iq^^I, and re|ionai bonc^rns 
/ should be improved to ensure successful ailid/"" ' 

1^ ^ceptable energy policies ^nd progt^m's 

• Criteria^ for ranking technology priorities shoi 
dqnsider the impact of technology developnfSnt 

*' . ecpnomic, environmental, social, abcLpolitical s; 
< tems. The budget.should reflect these priorities. \ 

• The nuclear* alternative should 'be assessed pif^ 
carefully ifi terms of erivirohhieht^ h^althi^and' 

• safety.. ■ - * ^ ^ ^ 

• Government incentives should be ayail^le to-en- 
sure commercialization of new techhpldgies. • ^ 
Conflicts of ^yater use' between enetgy and ndn- 

' ibnergy uses should^ tesoLved. ^ ' 

• In view of finite^ resources, aij ever-increasing rate 
of jcncrgy growth shbuld not be encouraged-* , . v 
Economic and jie|^' energy anafyses^hould bemused 

^ in assessing alternative "energy sources and tech- 
nologies. . / / S 

• The importance of short-term energy planningN 
shotil^ be eniphasized. Conservation and j3tAer 
alternatives such is solar, geothermal, bioma§s 

• cfipvcf sion, and hydrogen should receive .higfier 
• <pnorities. ' ' ^ » 

\V • Ai^other fprm of public reyiew waj^provided by 
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interaction b^twe^ industrial representatives, trade 
associations, estate eAergy -office^, ..public /^interest 
groups, itnd Federal program planners. These, git^ups 
wer& asked (by letter from ERDA**) to proVide their 
views on ener^ RD&D. As ^ result of this solicita^ 
^ion and the<regionaf^'review process, ERDA'^progiaiti 
managers and their ^staffs met with representatives 
from industry, public interest groups, and state and 
Regional energy groups. , . 

The comments^ elicited from th& public review, 
process have been carefi^y examined slnd evaluated. 
These cpmnieills have helped shape ^ current Na- 
tional Flfin^ most nofpibly in tte areas of >progrun 
priorities (e«g., the new empliasis on conservation) 
and coordinating activities witt state, regional, and 
local groups (e.g.^ tlie emphasis oq establishing a na- 
tional eni^igy organiz^^jtiqi^ lnfrast|iicture). In addi- 
tion^ energy analysis^ conducted at the state and re- 
gional level will be useful in focusing^ the ener^ 
'systems analysis elftbrts which influence the F^lan. 




..♦.The 
and 

/ 



first lifting was l^eld in Atlanta (October 4,^75) 
' :ond'in Scattlie; -(Deceiiber 1975). The .fiihli: 
the |>ubUcatipns^ Cor these meetings, x ' 



Efiergy; systems Apalysiib >Sftu^ies ' ^ 

, Subsequent to tjie devfelopmSi^ -of ERDA-48,' 
'sever^ studies were undertaken to j^ddress issues 
i'aised by the Plan and related coQinij^ntft. For exam- 
ple, it was clear that more analysis of (^oiipmic 
effects, arid epergy-enyirgnmental. trade-offs avSs re- 
quired. Similarly, ERDA believed that the ttimuja- 
tive impact of technology^change in the' utility indus-« 
deserved more study, as did the situation posed 
pther cjouhtries tlial sustained a hi^h economic 
mih v/fth relatively low energy con^umptfen." 
^ These studies are nearing completion, , will be^ 
^Ut>iish^d for ^teirhal review and comment, and are 
^- eipQcted to, provide impc^nt insights fojr f^uire* 
, plannii^. At this point, the study results a^^^^frelimi<- 
nafy, biK appear consistent with the Plan/Sp^ifically: 

• The new Emphasis on conservatioK^^nd the reli- 

• ance on technological soldtioiisAto achieving 
energy goal;s' are reinforced Jj^/results obtained 
from a stu^ of the relatigiMlnp between energy 

. " and econoiroc. growth. 

• The chokre of energy ^t^0l^ technologies is rein- 
' « foroed by a, study v/)iv^^mdicdXts that, of the tech- 
nologies tnvSstigatj^ io datcL all are supportable 
on the^basis of a Mt^ner^ nmdysis. 

• The difficulty £« quickly diahgii^ 
consuinptionypattenMrYo show ipiprove^ enbrgy- 
econdmic ^effict^hcy <.is hrghlighted in a study of 
foreign enc^rg/iconsuhiptioli pahm 
Finaljly^ijmt. importance of emphasiz^ing the coal 

»^ater realtor nuclear initiatives, dis- 
ier in Chapters 11 and IIF, is highlighted 
study of tde 'electric utility ludustiy. 

*4yi^ Ittten from the Asti^tant Administrator for Plan- 
Jnii^ i^nd Analysis to rippresentatlves of tliese groups in 
4M4rct\,and July 1975. . 
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In addition to the iour study' areas abbve?^^ 
conceptualization of energy, economic, anckfcQvirQ'q:^^; ^ 
mental ti'ade-off analysis and* the 'analysi^ftf 
nomic cprfsiraints'to energy growih are being iriyej^"^ 



.gated 



, The study of eaergy systems is dynamici ^As 
> morp is'leamed abo\rt the role of energy|in;sofe|6t^^ 
both the problems being addressed and ^^h^^l^ls s^d 
, ^techniques bf analysis are subject'ltaV|it|^[nge. This 
Isection presents selected preliminai^^^^iili^r^d con- 
clusions from ongoing enefgy s^btehi^^ stiu^es. ' 'i « 
The puFgdse of the analysi|^^ highlights of 
emerging conclusions, and rpfen^^^i^o existing a^d 
planned detailed reports are pres^jrvfeE^pr the energy 
studtes^^- • " 

t >EacJi study issujnrfiariiB^d in tHe balance p^his 
, ^^^Section. The (^elusions, anct^jesults a^e, based on^a 
sieries of independent /^tialyses. The supporting 
. ' studies are Qni^, indirectly -related to each other, 
primarily '^thincriigh the common in^ut assumptions 
iiejated to ppj^sible energy futures (i.e., the ERbA-48 

* sceri^irios). New and continuing studies are, however, ' 
a key ingredient of the ERDA planning system; as 
disciisse^^' previously in Chapter V. j 

• ' -.l^ . . J ^ 
Relationship Between Energy and - 
Economic Growth 

, The effects of alternative future* energy scenarios 

on the U.S. economic system must be better under- 
stood. Tliis n6ed is underscored by concerns over the 
impact of •rising energy prices on overall economic 
growth, energy demand, inflation, and employment. 
Other, areas bf interest include the impact of"n^ 
technology introduction on the economic system and 
on the cost of providing ejiergy. 

The relationship between energy and economic 
. growth are complex but must be 'addressed to ensure 
the compatibility of energy policy goais with other s 
societal goals. Accordingly, the main purposes of 
analysis efforts in this area arc to: ' 

• Develop methods for measuring the interrelation- 
ships between energy production ^nd consumption 
and ^onomic growth. The interrefationships in- 
clude those among; energy demands, prices, and 

" > income; energy supplies, prices, and domestic eco- 
. nomic output; and energy RD&D impacts, infla- 
tion, labor requirements, and capital requirements. 

• Prpvid^infofmation on the .economic impacts of 
energy technology introduction. Impacts such as 
changes in material, labor and capital require- 
ments, aggregate GNP and its distribution to con- 
sumption, investment, and foreign trade are impor- 
tant to permit evaluation Of alternative energy 
policies. 

• Differentiate between the energy-economic effects 
of energy RD&D policies and those of pther pol- 
icies. For example, it is important to provide infor- 
mation on the effects associated with policies 



anted >\t increasing energy supplies .(such as 
.. through expenditures on new technologies) as 
; jcompared to tKose associated With policies aimed 
^ at curtailing dcqianu^ (such as uemand reUucnuns 
through price increases). • 

\^ New technologies designed to exploit the Na- 
tion's abundant' domestic Resource base at;e expec{|cd 
to be available at diflbrent times and in varying quan- 
. ttties over the next two decade;^- Contributions to 
energy supplies are expecteld from oil shale, coal 
liquefactioA^arid gasificat!f)n, geothefmal energy, and 
solar electric^ and direct solar applications. To the 
extent that these technologies can compete with ef istr 
ing energy sources, including imports, ttiey can re- 
duce the Nation's dependence 6n foreign energy sup- 
plies. Therefore, one strategy for meeting the Nation's 
energy policy goals relies on increased doipestic sup- 
plies. Anpther.«trategy involves reductions in energy 
consumption: 

Pour models were utilized to describe the in^er- 
reactions existing b€;tween factors bf energy supply^ 
and demand and economic activity. These models, 
discussed at the end of this section, were used to test 
alternative supply and demand policies against a base 
or reference case. This case assumed the continuance 
of present economic and energy praqtices and condi- 
tions; the only exception ,was ^e assunvbd decontrol 
of oil and gas prices** The alternative policies were 
evaluated in terms of their effects on economic growth 
and on the achievement of prespecified • import tar- 
gets. These policies were based on the following: . 

• A supply policy was based on the introduction of 
the new technologies mentioned above. The.esti- 
piates of the maximiim energy flows that could be 
expected from the new technologies were based on 
the technical cakulations (scenarios) contained in 
ERDA-4B. Import ^get levels were Set as a de- 
clining percentage c^^tal domestic energy use. 

• A demand policy was based on rising energy prices 
(via taxes and tariffs only). «Demand measures 
(rising energy prices) were used to eliminate any 
supply/demand gap still remaining after the ihtfo- 
duction of new technologies. The procedure used 
was to increase the prices of energy supplies grad- 



* During the conduct of these evaluations, ERDA and FEA - 
cl)llaborated closely on the energy projections generated \ 
by FEA through ^itSyProject Independence Evaluation Sys- 
tem (PIES) modeK/tRDA^lieves that the FEA modeling 
efforts provide a very loi/cal and detailed approach to 
evaluating economic interAtions for the 1975>i 985 time 
frames. Thus, ERDA ha/ cfaosen not to duplicate these 
efforts, (^referring instead to work with FEA to produce 
a miituaMy agreed upon set of projections for the next 
decade. Convecsely, ERDA has taken the lead role for 
examining the energy-economic interactions for the -19.85- 
2000 time frame, with FEA providing advice and jtyiew,^ 
The evaluations in this section cover only tt|ie 198' 
period and were closely calibrated to the F|^'/L/teSi 
1985 to provide the initial pointfof depa^l^^^J 
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ually '(whicfi msulted in lower demands) until tfae 
specified import target levels were reached. Tlie 
'1985'injport isyrgfet level was 10 percent of total 
energyVqnsymptioa and the 2000 target l^vel was 
5 percetitr^^ ' ^ » • 

The preliminary results obtained to date relative 
^ l.tp the bas^e case |hav& sdjbe intportant implications 
, for l^search- and devell^^ent activities and for the 
implemeiitatiotti^f new technology in the market place: 

• The introduction^ of iiew^enei^'produdng 

. nology has a .signillcaif t fiosMve effei^on the levfil 
of GNP aild on 'econoipic Wjell?being of the 
. country. The difcouriied value' of future GNP re- 
Istored by adding s^upplies (through' technology 
introduction), inst6ad| of increa^ioig prices to reduce 
d^pand, is several-folld larger 'than the discounted 
vsdue of accun^lated expenditure^ on RD&D. 

• Higher prices (30 percent above thc»se otherwise^ 
expected in 2Q00) could be required td jichieve the . 

^ specified, ener^ demand reductions, and this ap« 
' pears to lie an undesirably cost to the Nation. Im- 
plementation of more efficient energy using fand 
producing devicesAvould be the preferable 'way to 
achieve the import reduction. The price incre^ases 
needed to achieve a sufficient demand reduction are 
half as large when new supply technology is avail- 
able as when it is not availably. Energy demands - 
are rather inelastic, with a^lO percent increase in 
price required to produce a 2.5 p^cent demand re- 
duction in 1985 and a 4.5 perqent demand'reduc- 
tion in 2000. - 

• Increases in the inflation rate occur as a result of 
energy price clianges. In addition to the introduc- 
Ition of new technology, high taxes and tariffs'(over 
150 percent on oil and 20 percent on gas) are re- 
quired to achieve the specified Jower deman^" 
leads to a long-term increase in the geners 
tion rate of about 0.3 pcrcerttage point. 

• The effects of higher- prices and new U 
result in a slowing of die rate of increase in^e 
output , 'of tlie domestic econom^L The rate of m- 
crease in real GNP declines, i^si^ting in ^a small 
drop in the level of real €fNP (about 2 percent 
lower in 1996 and 3 percent lower in 2000). 

• Cliattges in labor requirements result in ^increase 
in unempldynient. A lower real GNP produces a 

• lower demand for labor inputs to the economy. 
The restructuring of the economy to reduce energy 
use offsets this somewhat through increased Re- 
mands for labor as. a substitute for energy infants. 
The over all?^e suit is a long-term increa^ in, the 
unemployment rate (for bo^ policy alternatives) 
of from dne%half to one percentage point ^gher 
than for the base case. > 

• New technologies are only marginally competitive 
with eiistlDg teclinology in the short-run but com- 




pete;, successfully by the end of the century; New 

technologies (primarily oil shale, geotherQial, .^d* 
direct solar) may account for 16/percei^'of Jotal 
' . energy in 2000 as compared to only 4 perpenf' in , 
■ 1985. ? 

• Therte is.an fanprovement in enejgy-economic e^f 
dency (as measured by the energy/ GNjp-;i^^ 
Preliminar)[ results indicate a 2 to 3 pe^oe^Cji^e^^^^^ ^ 

^ point impfovemeiit for each 10 percent ichlsmgisi' m ; 
'energy, prices. • : V *: , 

The sej; of analytital tools applie^l to these/prolj- 
lems represents an advancement in the state-oFUie- , 
art for models of this type. It is the first time a macro- 
economic growth model h^ been linked^o an^inter- 
industry sectoral model* aml^bsequ^ntly Unked to\ 
an energy ^Jephn^ogy oriented resource allocation 

• model.** Tfiese efforts are being jointly pu^ed ; 
. through contracts Wfith ERD^.*** It also represents 

\ the first time th^ changes in 'energy technologies and 
, patterns were introduced Into the ec9nomic models 

• to determine the ne\^ cohfigyratloiT of economic 
. activity .and indicators. The relationship among the 

separate model^js expre$sed in theMogic diagram 
ah6wn in Figure ; Each of thb;&>ur models have 

^t^en previously examined and 'cridqiieil^/'l^^ ad-, 
^ustments -have been made tGKifev^l<3|l^||cfmpad^ 
definitions of parameters. The initial'. i^sij^ 
ongoing" study , are tbyb^ published l)](jB^^ 
National Laboratory and Data Resoftirces, IlpcoFp^ 
rated^^ and 'will be di^eminate(|vfpr /review and com- < ^ 

J rhetit at approximately the same iiin^ethat thjS^P^^ 
is published. - 'i- , . . ^ \ 

.^^ These effQits are an integralipart'of theji|4an- 
nin^;r^r6gram,^and budget review |)rocess now being 
j^ruG^ui^^ , within ER0A. T^e ^treatment of^^ other 
afeaS'df eriergy-econorriic analysis — sej^al elastici- 

. tiesf regional considerations^ and the sensitivities of 
individual technologti^s — ha^'yet to be worked but. 
Other policy variations (e.g., non-price idduj^d con- 
servation) will be investigate. Additional resultsi. and 
stlidies will be forthcoming as they are completed. 

Net Ener^^^'^lysis: The Energy Required to 
Produce,* pistribute, and Conserve Enirgy 

Net energy analysis is the' term coihiinonly^used 
to signify me- energy* expenditures jrequir^d to pro- 



* For additional details see **U.S. Energy Policy And 
^ Economic Growth, 1975-2000" Edward A: Hudson^ 
vand Dale W. Jorgenson, The Belt Joufnal of Econoinkfl 
and MMngemcnt Sdcnce, Volume 5, Number:^, Au* 
tumn l974.1)p. 461-514. 

For additional details see^**A Methodology of Technical 
Analysis with Application to Energy Assessment/* K. C. 
Hoffman, ASME Paper 75-WA/tS-8. American Society 
of Mechanical Engineers^ New York, 1975. • j , 

With Data Resources, Incorporated (macroeconomic • 
and 'inteAltdwtry sectoral models) ajnd Brobkhaven 
National ^boratory (input-output and resource alloca- 
tion nibdels). 
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Figure VI-1 Integration of Economic Growth, Industry Interaction and Energy Systems Models 



duce and distribute energy in various forms <)r to re- 
duce energy consumption^ in a particular, demand 
process. It is the difference ,))etwe^n energy output 
and the sum of direct and in^l^ct energy inputs. Net 
/Energy is a subset of the broader area of energy 
( analysis which seeks to identify and interpret the 
[ energy flows in society — both direct and indirect- — 
I which are required for the production and distribu- 
^ tion of various goods and services. Net energy analysis 
is an aid to program planning, ^s it supplements exist- 
ing economic and technical analysis and'provides ad- 
ditional information for evaluating technical pro- 
grams and project priorities. 

Net energy analysis ^ of individual technology 
^ options is important for several reasons: 

• To d^ermine how much energy must be invested 
" to develbp, construct, and 6pei;ate new technol- 
ogies . ■ 

• To supplement economic studies aimed at evt^uat- 
ing the energy resource base and analyzing the 
cost of new. technologies 

• To provide a better understanding of the relation- 
^ ships of energy-producing sectors of the economy 

to each other, to othef economic sectors, and to the 
^environment 



• To identify significant indirect^ economic benefits' 
^om careful energy management, such as'preser- 

- J vation 'pf the environment and conservation of 
energy resources for future generations. 

Net energy analysis is still in an early stage of 
development and lacks a well-established set of rules 
^ and conventions. SubstarHiye questidns arise as to: 

• Which energy expenditu^s or resource commit- 
ments should be inc)udra^in'the analysis, and what 
system of ipe^suremenr should be used 

How energy Of different forms (and with different 
economic values) or energy of like form expended 
at different times should be aggregated ' 
/ Whether a single quantitative value (wid if so^ 
. which one) can adequately express the significant 
results of the analysis. 

• 

* Even if there were no uncertainty in the fnagni- 
tudes of the various energy inputs, very large appar- 
ent discrepancies in reported total energy, inputs per 
imit'of net output would still result from different 
responses tof the above, question^! These questions 
'can be anstver|9*bnly after additional studies in net 
energy analysis have been conducted. 
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Recbgniziog these difficulties, ERDA used two 
studies* to prepare conclusions, on the net 'energy of 
seven basic technolo^es for producihg^lectripity and 
nine technologies for producing non-electrical 
energy. Based on the results to date, the conclusions 
dre as foUows: * * . , * . 

• With the exception of very low-grade energy rt* 
sources, no technologies appear to be /losers".- 
from a net energy sfaindpoint# These Jow-grade de- '| 
posits have not been included in the assessment of 

^ the resource base presented earlier. ^ 
« Most technologies r^um from 4 to 10 ^mes^ the 
external energy (Le^, the direct plus indirect eneigy 
inputs) expended for energy prp^ctio'n.** That is, 
the external energy inputs amount to 1 0-25 per- 
cent of the energy output. However, for some con- 
ventional fpel supply systems the externa^ ene^ 
required is less than . Sjercent, while for com- 
binations of processes oil from shale used to 
; produce electricity) the requirement can, be 40 per- 
' cent pr higher. , 

• Nuclear electric power retiims about 4 times the 
external energy required. A^xletailed stuciy of the 

/ nuclear option is summarized in Appendix B. 

« Net energy analysis is a supplement to, not a re- 
placement for, ^tNer more widel^^sed tools of 
analysis. Considering the current state-of-the-art, 
ranking of technologies on the basis of net energy 
caiculatioi)s is not as instructive as performing the 
analysis on specific technologies. The use of ques- 

% lionable assumptions anq the lack of comprehen- 
sive data preclude extensive reliance on*the com- 
parisQn of results. ^ 

Other major technologies will be analyzed and 
reported on during the yetr. In addition, futuf^ 
efforts will consider ectergy demand options and com- 
plete supply-to-demand pathways, including the 
transformatiPoTl process efficiencies ai each step alonf 
the pathways. ^ 

Foreign Energy Consumption Patterns^ 

Guidanae for ^domt^stic energy policy ^yill also 
come *fromi .exp^cn(?es of other nations. Most in- 
structive ynll be those xountri|swhicl^ave achieved 
a high standard of living with lower rates of per 
capita energy consumption than those in the UvS. 
Most notably, several. European jjountries. (p.g.. 



*Twa studies have dealt with a wide range of energy 
technologies: •Transition," sponsored Ijy the State «^ 
Oregon, C^ce of Energy "Research and 'Planning, Office 
the Governor, and /'A Study to Develop Energy 
'^'Estimates of Mertl'for Selected FuelvTephnoj^gies,*' 
Development .Sciences,. Inc., September 1975. Onginally 
sponsored by the D^artoent of the Interior* this latter 
study was subsequenU^iiicluded in ERDA*s. program. 
Several other studic/are referenced /in the BibUography. 
^*See Appendix; B fat. a further disfnission of the terms 
used in net energy aiml^sis. J ' *^ 



Sweden, Denmark, Switzerland, West Germany) have, 
these characteristics. 

Studies on foreign* energy, use and econopic - 
growth are needed to: . • . 

• Evaluate the Ipvel and mix of energy consumption 
within different .seclors aiiji gain understanding of * 
the basic relationship between foreign energy con- 
sumption and economic growth - 

• Identify Opportunities for conservaticm which are, 

, applicable |o the U.S., and eyaluate flie extent to . 
which' life style changes may be . required to^ 
' achieve low^ per capita' energy consumptioh rates, 

• Fono a basis for determining both' efficient and' 
wasteful energy consumption practices in the U.S. 

Sweden was selected for the ^fitst -studyf ** be- 
cause it has a similar economic penormance to the 
U.Sl, as measujfed by per capita gross natiqnal prod- 
uct (GSP) and per capita income, and a significantly . 
lower per capita energy consumption^ rate, . 

* The results of this study plus research by others 
indicate that major structural ^hanges and effidency « 
improvements would be required to promote, a sig- 
nificant* transfer of iSwedish energy consumption pat-^ 
terns to the U.S. The major differences are 'u^: , 

• Makeup of tflfe Economy and Industrial Efficiency: ^ 
Sweden imports a significant quantity of eneifcr- 
intensive products (e.g., refined) petroleum arid 
agricultural goods), which the? U.S. produces in- 
ternally. The aluminum and petrochemical in- 
dustries, tWo important energy-intensive U.S. in- 

> ^ dustries, constitute . a amaller proportion of the 
^ Swedish industrial miC. On the other hand, Sweden 
produce^ significantly higher quantities of p^r 
' . and pulp thanlhfe U.S. and exportsjarge quantises 
of metal, machinery and transportation, equipment. 
, In addition, the energy efficiency of many indus- 
trial processes appeairs to beliigfier in Sweden than 

• ihi the U.S. • , , ^ £ 

• SCransportation Efficiency: The S^yedish auto- 

mobile fle(5t,'for exa.mj)lc^ fiverageVovdr 60 pcrcerit 
> better fuelmileage than the U.S. counterpafj: Sim- 
ilarly, the Swedisb people make greater use . of 
m^ss transportation. - ' ' '.^ 
< « Hou^ng Pattern? and lEfficiency: Swedish homes 
are much Ixitter insulated than in the y.S., r^ultia^ 

• in greater/efficiency of energy use. Also, little or 
no air obn(|itioaing*js required in Sweden. More- 
over, qne\put of ^ five hou^ps, in Sweden is Heated 
by hot water cOstributed Jrom fossil electric power 

• plants; in. the U.S.", this h^at is discharged into the 
environm6nt and lost/;. ^ ■ ' * 

J Geogiraphy i|nd ISemography: Urban' density is ap- 
preciably higher in STjveden and "production centers 
are cWser to markets. * 



♦♦♦A. Doemb^rg, 
in S^^en and the 
LalHHatory, September 1975. 

ro3 ■ 



''Comparative Analysis of Energy Use 
he. Untied States,** Brpokhaven National 
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Some cl^anges are undpr way un the U.S. that 
promise improvements ijn per capita energy consump- 
tion along the lines suggested 4)y the Sw^sh experi- 
ence. For d^ample, efficiency improvements^ in the 
U.S. transportation fleet wiir be' forthcoming as a 
result pf the Recently signed Energy Policy and Con- 
servation Act. f^cifically, autOi manufacturers are 
required to bring' their^fleet average up to 20 miles 
per gallon (mpg) by 1980vand 27.5 mpg by 'l985. 
For comparison, the. U.S. average of all autos was 
13,5 mpg in 1972 while the Swedish average was in 
the low 20's. In addition to auto efficiency; the Act 
also' provides impetus' to future improvenlents in in- 
dustrial energy .efficiency., . 

On the other side, however, it is possible that ' 
energy consumption patterns ^jn -Sweden have not 
•stabilized. The afhount of energy us^d to support an^l 
produce economic activity, as measured ^by the 
lenergy/GNP ratio, has increased in Sweden during: 
the last ten years. The U.S., which uses morfe energy 
per unit of GNP, has experienced*a flatter tfend over 
the same period. Thiis^ pver.time aod .under favor- 
abb supply conditions, Swedish patf^rns in energy 
may approach jjresentU.S. patterns. The current 
emphasis <5f ^>yedish energy policy, however, appears 
to\ be toward even greater efficiency im))rovements , 
and slower growth rates An the future*. In addition, 
the ^ gap between the , American and the ^wedi^h 
standard of living may be different than indicated by 
^ the per capita GNP figures, due to tfie intei^etation 
given GNP^ as a measure of economic wealth. 

Another study* prepared for FE A reirfforces the 
conclusion that structural change's and efiiciency im- 
provements in the U.S. economy would be required 
to obtainj the lawenr energy cqnsumption patterns 
Achieved by some foreign cougjries. Differences^ in 
per capita energy consumption between 'West Ger-^ 
, many.and the U.S. are greatest in the household and' 
. cqmmcrcial secto^, and the transportation sectpr. 
For example, significantly 'smaller hpuses, negligible 
use of air conditioning, 'point-of-u$e hot water heat- 
ing, and othpr differences result in lower per capita 
consumption in the West bermany household sector 
(i.e., about 48 jfcrcent pf the U.S. level iii f97J2). 

In ihe automotive sector,. per capitk energy use 
per passenger-mile and per capita miles driven are 
% both around 50 percent of the U S. levels. These , 
factors account for a large portion of the lower per 
' capita cons(imptibn in the transportation sector (i.e,,' 
about 27 percent of the U.S. level in 1972). ^ 
Lower energy consumption in the West Ger-^ 
, many and Sweden transportation sectors must, to 
some extent, reflect the high retail price pf fuel. In 
West Germany, for example, the average retail price' 
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> Richard L. Gocn and Ronald K. \iliitc, "pwipinTSDiKqf 
Energy Consumption- Between West ^^rmany and the 
, United States," Stanford Research Jf^tutc, June 1975. 
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of gasoline was more than twicfe that In the U.S. in 

1973. * ; • . ' . 

^ Additional studies, of other countries are 
Planned fb^ the future, these, efforts \yill under- 
taken in cooperation wv|)i the selected foreign coua- 
tries* and with the International Energy Agency. ^ 

Energy Market Analysis ; 

Analysis of th€ marketplace is pecessary to un- 
derstand how new technologies can have a reasonable 
chance of coi^peting with pther, more established 
technologies. Successful cpmpetitiotUxttas two main 
con^poaents that are investigated by* market analysis: 

•first, the economics associated with energy recovei^, 
transformation, and distribution; and, second,, the 
timing^Qf market introduction and the j|legree of mar- 
ket diffusion. These, studies are patterned after pri- 
vate sector practices, suppleAi^ed when ^neci^sary 
by other supporting natloi/^lk^d regional analyses. 

The Electric. Ut^ity study, started in. the sumr 
mer 6f 1975 by ERDA, is an example of a specific 
market study currently under yay. This study is tl^ 

'first of several that seek to 
RD&D objective's, goals, ai; 
the viewpoint of the 

by implementation of new energy techifology. 

A four-step approaches used in the utility study. 
I^irst, a range of electric growth futures is ^tablished ; 
on: a regional basis. Provision is made^fbp both high 
and low total growth rates in electric energy demand. 
^ 'Second, the technical optio/is available tp utilities are 
docuniented, along with estimates b! time scheduleis 
and Q(:onomics. Third, thb likely market penetration- 
and resisting benefits of each technology are assessed 
' through an analysis of economic' attractiveness from 
the industry's perspective. This assessment may be 
repeated for several energy policy scenarios, ^ourthj 
the applicable governmeyit RD&D programs are eval- 
uated in light of the market j^tudy results to deter- 
mine whether the program prioritie;|^kand goals .are 
appropriate. 

^ Tentative findings in the first itage of the 
study — based primarily on comparisons of technol- 
ogy economics and environmental characteristics-^ 
" suggestthat: ^ ■ • . 

• ConventionaPco^l plants with scrubtbers and light 
w&ter reactors will continue to provide the bulk 4l 
j base generated power for the rest of the century; 
gas turbines will provide some power during peak 
periods. 

The existing and newer technologies will have toV 
compete against these technologies — although few 
can now bfi said to offer clear-cut economic ad^ 
Vantages (even considering the large uncertainties 
in cbst projections) over coal and nuclear*altern^- 
tives. . - . 

Three aspects of new technologies make them at- . 
■^tractive to pursue: first, th^ potential for improved 
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..^ economics— jevenfsm^l imprdvciftepts irif tccHnol-^ 
.ogy economics cin make a large differencfe when* 
viewed from a national perspective (in light of 
very large proje^ed markets under all likely , 
'growth sceng^rios); second, the capability of new 
technologies to meet future, potentially more 
stringent environmental standards; and third, the 
ability of some new technolbgies to shift genera- 
tion away from oil and gas. 

• The RI^D on new technologies now being pur^ 
sued by the Nation prwides more competitor^ in 
each area than are pkely to be developed by 
vendors or implemented by fitilities^ 

- • One objective of the sttt^^ji^l be to lay out an 
RD&D strategy that provide? sufiicient technology 
alternatives in critical areas, but that minimizes 
investments beyond basic research stages in\the * 
less crucial areas. This strategy should provide 
juflS^eilt alternatives to meei potential fatur^ con- 
straints Such is, thp possibility of a nuclear mora- 
torium, mdjor 'fpstnctions on .western coal mining, 
or severe cbnstrictions Jon current enviromnental 
, standards. In so do^g, the strategy showd also , 
provide fdf treating substanial cost uncertainties. 

" Yhe report on the first stage— inditfaUhg prelim- 
inary conclusions— will be pulriished inuring 1976; 
the final report a yeAr later. \ > / 

The resi^k of^e utility study are generally ap- 
plicable to &the*: eriisrgy technology areas as well. 

■ They serve.to reinforce the cotnmitment to assess all 
aspects of technology and"^e barriers?^ to market 

10 penetration, as higWghted in fhis National Plan. In 
addition^ while^n adequate set of options must be 
available to m^ jinitfUe .market nedi^, priprities^ 
within program ahias^should be established,' with"' 
emphasis on those options with the higl|est chancdsQf 
achieving ^market* success. 

Energy, Economic, and Environmental Trade^Qflls 

The econdinic and environmental impacts asso- 
,ciated with the national energy system and the inter- 
relationships among economic and environmental 
factors need to be considered jointly. The addition of 
: new energy and si^ppbrtiAg systems will cause 
changes ui these impacts,%ased largely oin the m|x'of 
technoloj^es that constitute the' ^energy system in 
future ^ars. . 'f . 

The purposes of the analysis of these trade-offs 
are to: / * * 

• Subject alternative energy scenarios, such as those 
. contained in ERDA-48, to further testing and 

evaluation. ^ ^ ^ / 

• Establish a frame of reference for understanding 
choices among environfaental values, energy use, 

^ and 'economic growth subject to conditions of 
uncertainty. 

^ Provide, information for public discussion on the 



^relative magnitude and interdependence of tt^ |;n- 

' pa^ts associated with energy futures. 

' • Provide iiifonnatioh to program managers^ and • 
energy planners, responsible for developing tech- 
nological options to achi^e eqergft goals. The em- 
phasjs here should be^^pn^roviding information 
(such as a set of trWc^ curves) that depicts the 
available options; - the > sensitivity of options to 
changes in te^hology mix, demand levels, and 
' other v^ables; and the extent to which RD&D 
can provide solutions to energjy, economic, and 

environmental issues. 

/ ' • - 

The trade-off analysis undertaken by ERDA so 
far incorporates five factors vassociated with 'energy 
activity: /tofal annual energy costs, including amor- 
tized investm^t, fuel, and opera^g costs; resources 
consumed; domestip and imported crude oil require* 
m'ents; environmental effects; aud capital require* .^ 

' ments. Theapalysis is based on varipui combinations 
of technot6^es which coujc) be utilized to satisfy the 
end-use/lemanos specified in the ERDA-48 scenar- 
ios for 2000. ; / 

Defining appropnate quantitative ineasures for 
the four non-envkpim factors above is fairly 
straightforw^feFd^'^ven though there are imcertainties 
in the values. Developing information needed to 
measure environmental impact is significantly more 
difficult for several reasonsf the njultiple^ typ^s and* 
Quantities of environmental damage resulting from 
particular technologies, the spatiar patterns of ^re- 
leases in conjunction with variable natural dilution 
effects, and^ the uncertainty cdiidbniihg the level and 
costs o^specific environmental residuals. 

'Environmental information ydtli the* Required 

' degreb of precision is not curiently available. In addi- 
tion, damage functions defining the^sts to the public 

, of various levels of the pollutants resulting from the 
full range of different technologies are Qot ava^able. 
For this reason, the analysis works with total costs y 
of delivered energy omiy, rathef than with total public 
cost (with the latter incorporating the ei^mal effects 
of differisnt levels of emissiogp, as discussed in Chap- 
ter II). The results of the trade-off an^ysis presented 
here highlight the energy and economic factors. - 

* . The first step in the analysis was to determine 
the lowest possible value for each of the^ factors 

^ gi^n various technology options. In each case, ^JpK^ 
combinatlbn of energy supplies was diosen (subject 
to the imidemeillation constraints associated with an 
assumed scenario) which {ninimized each factor in 
succession. This analysis is based on meettng a'^ed 
set of end-use demands through variations in niel 
substitutions from a given set of energy technologies. 

Table Vl-4 shows the re^ts of this minuniza- 
tion step. The various techn^log^^-ifsed to sati^f^0^- 
use demands produced significant Variations in the 



102 



A National Plan >for- Et<ERGY RD&D 



Table Vh4 Som^'Pralimincry Trade-Off Anhlysit 
RMult»— Effect of I ndtpendently Minimizing Ea|:h factor 

Minlffll^td 



Valu* of All Factor* Whtn Cach'Factoi 



iFf tt^r Unit 



Annual 

* Ce?t 



Importod 
Capltai dl i 



Dprna ^ 
tic PI It 

Im- 
portal. 

OH 



I Total Annual Cost 
✓ $ X lO* 

Capital 

RequiVements, 
$ i< 109 

Imported' Oil, 
^ Btu X 10i» 

Domestic Plus ^ 
0. Imported 

011^ Btu X 10» 

Resources Used, 
Btu X lOis 



EKLC 



296 388 304 30^ 340 



1343 735 1197 147 > 1364^ 



20 



50 



70 



215 131 



20 



1> 



121 • 114 



Basis for Calculations: ERDA>48 Scenarios for tht yaar 2000. 

^ Undarlined values are th i absqjtrte 

minimum values for each factot^ 



values of^some faitor^and fewer variationi in other 
factors* Fo; exampte, ctonual cost 'has a i aaximum 
' value of 130 percdit above its nftnimum va ue while 
'capital requirements exhibit a 100 percent variation 
and resources consumed only a« IS perceht variation. 
• In the trade-off iihalysiM^scs complete sofar,^ 
total annual costs were miiumized subjec ; to coii- 
' straints on other factors* This process caii best be 
illustrated tiy ponsidering, for example, the trade-off 
between the desire ^o achieve minimum am lual costs 
subject to limits on the amount Of rfesqui ces used. 
'This ijelationship is illustrated^i^ Fi^ur6~M-2. The 
trade-off presented is typical of those con pleted to 
date, mth each relationship containing a range pf 
values where snlall i;eductions in the qpnstr int caus^ 
slight cost increases and further tightenii g of the 
c6hst):aint tauseS a more significaqt cost rise . 

' The trade-off curves filus the underlyi ag analy- 
sis p6int up several important conclusions: 
In canTtkig oot Its oVerall mission, ERD^ . vic^ its 
Job as one of trying to sliift the traded! : curve to 
th* left tlirougli technology advances. On \ example 
is the achievement of a more de'sirab t * Qower) 
leVel of resource consumption fox>lower x>st with- 
out sacrificing the high standaril pf livii\g. 
The interrelatitiiislilps \ t/^tig envl onmental 
quality^ energy costs, and pnbDc costs hb eed to be 
examined in much grater detaiL There are many 
subjective views on what constitutes an adequate 
level of environmental quality^ wl\at additional en- 
vironmental improvements should be scught,^bid 
what the total public cost will be at various levejs 
of energy production and environment u protec- 
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BASIS: 



; RESdURCE USE, BTU'^xlO^S 

ERDA 48 SCEX^ARIOS THE SHAPE'OF THE 
CURVE REFLECTS THE SUBSTITUTION OF 
OI;F.PEAK ELECTRICITY FOR OIL IN VARIOUS ' 
ENO-USE SECTORS. ELECTRICITY GENERATED 
OFF-PEAK IS LESS COSTLY THAN OIL BUT . 
CAUSES HIGHER TOTAL RESOURCE 
CONSUMPTION. • . * " 



Figure VI-2 Relationship Between Resource 
Use and Total Annual Cost* 

tion. Much more inform^on needs to be de- 
veloped on^environment^/en^gy/econbmic inter- 
actions, and trade-off. curves may be a* useful 
approach for this purpose. 

Trade-off studies with a'mprc narrow focus are 
equally important in' the context of individual tech- 
nology_ pYogrami. Within each program, munerous 
technical options influence ihe aiAourit of energy pro- 
duced pr conserved, tfie associated costs, an!d the 
amount of enVironftieiftal impact. Trade-off studies 
will be^ useful in narrowing the list of options to be 
pursued in the energy RD&D progiram. 

Capital/ Manpower, and Industrial ^Constraints 
to %Eneror Growth ^ ' # 

^he most critical impacf df technology intro- 
diiction on energy and supporting industries will be 
oA certain economic resources (etg., capital, labor, 

material, and equipment) associated with* facility con- 
struction and operation. Constraint analysis ad- 

'Hresses the pjiysical constraints associated with these 
resources and how these resources might influence 
and be influenced by energy growth and the introduc- 
tion of new technology. Both technical and nontech- 
nical barriers to technology introduction are impor- 
tant In this analysis. A constraint analysis is being 
conducted to: 
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• Identify future changes ki economic resource con-^ 
sumption.^attems likely to arise from changes in 

. the energy system, especially those likely to require 
changes in industry infrastructure 

• IdeAtify potentially severe, disruptions, ,such as 
markedly increased needs for skilled craftsmen, to , 
sectors of the economic-system^ ' - 

• Provide for a systematic* way of analyzing resource 
requirements (e.g., steel, labor, and money) from 
energy and non-energy sectors^of the economy. 

; The f current effort examines tho capital, man- 
I^sfv^er; material, equipment, and construction re- 
quirements'.associated with th^ alternate supply and 
demand policies discussed previouslyin the energy/ 
economic growth section. The (equired rp^urce 
levels were obtained from a model developed by the 
Bechtef Corporation.* - , * . 

The constraint analysis effort is just beginning. 
Based on the ^itial^lculations, it appears that: 

• The ratio of energy capital in%estnient to total busi- ■ 
ness investment (historically between 25 and 30 
percent) would remain j-elatively constant over a 
broad range of near-term (to* 1985) energy futures./ 
In one scenario examined, heavy investments in 
synthetic fuel . facilities were^off^t by declining 
transportation investments (e.g., tankers) fgr im- 
ported oil and gas. 

• A tight labor market will cpatinue for certain con- 
struction trades— namely, 'pipefitters, wq^lders, 

^lioilermakers, a^fi electricians^ However, overall 
^manpower demands b^^^jiergy industries should 
' .not have severe .effects on the t(Cjtal manpower 
market. ' ^ 



♦ M. Carasso, J. M. Gallagher. K. J. Sharma,"J. 'R. Gayle. 
R. Barany, 'The l^nti%^ Supply Planning Model." Bech- 
tel Corporatioi^, S^'i^nB^ancisco. California. August 1975, 

' Volumes I and IL : 



• -The current ability of industry , to modify existing 
manufacturing and other production facilities to 
reflect the reqtiicements associated ^th new energy 
technologies is not^lear and musti be mqre thor- 
oughly investigateduFo/ example/new technology 
places large demands on special [trodilcts such as 
heavy steel plates, but this appears id require rela- 
tively smah. additional capital investments in the 
energy sector. - ^ . ^ 

T)ie results of this constraint analysis willlhigh- 
light areas \yhere more detailed and narrowly focused 
studies are appropriate; ipr example, studies tlptt adr ' 
dress specific industries, products, or skills. Planned- 
ERDA efforts include' the development of an overall . 
manpower/d^ta base for energy-'related activities wd 
sources,^ and the analysis of manpower requireifaents 
Jot future energy technolo'gies.' These. effortScwill be 
coordinated with 6ther*Federal agencies haying on- 
going prbj^r^s in manpower-related areas.^ 

Need for Continuing Studied 

~ The cesults of all of these, continuing sjjidies 
and analyses simultaneously provide a perspective for 
planning,. an opportunity to test or to make concrete 
somp of the^ underlying assumptions of the Plan, and 
a mVans for extending the understanding of the at- 
tributes of different^approaches and qutpomes through 
time to d^a^ wj^^thp energy problem.. Missing in- 
formation and/un^rtainties highlight the need to 
acf)^^e<1^^$j^ijic data or to define the'^pecinc rela- 
tioiifB^^^^ii^s throu^^ the Federal strucwe, in 
imiy^^it^s. In iho. private sector, and in othtfr^un; 
tries £dl i^ohtribiite to this process. As witn 'aU 
analyses, these approaches'^ need external di^ussion 
and thS^iscipline of tKer peer review p/ocess. 13ie 
desiced encL results are greater knowledge and a guide 
to ettecfive/future action. ' 
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Chapter Vll-future Evorutidn of the Plan 



The National Plan for Energy iRD&D is de^c 
signed to provide the framework for carrying out 
govemmental^p6l|cy jn the devieflopment of conser- 
vation mii energy supply technologies. ERDA-48 
^et forth jlie fundamentals of- the l^lan, including a 
diagnosi^of th^ national energy problem, the five 
niajor natiorlal^ goals related to energy, and thtf 
energy technology gpals. Furthfer, the' Plan presented 
a strategy, 'for achieving these goab^^long with 
broad program objectives. Finally, thye Plah-i|icluded 
the judgmental prioritidS foe clpveloping the Inajor 
sources of energy, i ^ ' 



fact that alternative^ technologies cannot easily be 
compared with each others 'since each tenc^ to inter-, 
act simultaneously with many others. The HiDA-48 
scenarios exemplify^ this problem^* However, tools 
for overcoming these complexities— tools sucli as - 
venture analysis, economic^ impact. analysis trade-off 
studies, net.energy analysis, and constraint stud^ps-^ 
are becoming available. It is ERDA's ^oal to qpply 
these took during 1976 to achieve a more qrirfeni^ 
^ approach to quantification of the costs adsd bei|eflts 
' of selected energy technologies and 1o r^rt the^ 
re^uhs of this work.in the next Plan. 



In ERDA-76-1, th( Plan lias been expanded in 

scope and in depth of c(iver^e.niieb.asic goals: and-; fstiblishing Priorities for 

strategy^ have been refined somewhrf, but remam^ Compdn^nt Program* 

essentially intact. ERDA-76-1 emphasizes the opera- ^ . ^ 



tional aspects of implementing the Plan, particularly 
in the areas of market penetration of new technolo- 
gies. Federal interaction with other institutions of 
the national economy,* ayd arf overall approach to 
detailed analyses ancl plannijig of Federal RD&D 
programs 



TheT*r9gram Planmng, Budgeji^lg, and Review 
(PPBR) system discussed in Chap^ V- is bling de- 
signed to iricreate ihe relevance andS^cctiveniss of 
ERDA's pro-^Wr Dne of- the.key^sults of this, 
process is tne ability to establish more^ d^finiti^ 
priorities for energy system technology options. Cur-. 



Laiii3» . j.'^.w.-— »»» V -J a- 

But no one document ^ajl.*over all the areas^ rently, xwly.thc 

vatioa and supjfly technologi6Y'nave «cn; 
Future* effortSs^ wilK focus on rahking, in order of 
jpriority, conjponent programs -ainfcd at the satiie or 
similar markets. For cxiantpte, the ejectric utility 
stpdy currently in progress an^mmmarizcd in Chap- 
ter VI is aimed at ranking tethnolo|;ies that cpmpete 
for the electee utility market; future analysis will 
anMyze other market sectors. For example, Ithere, are 
a number of technological approaches to producing 
low-^tu^gas from coal; these and other technblo^tes 
, need t^be evaluated further to identify their relative 
merits for . the gas%ility sector. However, because 
of the multiple uncertainties existing in many of the 
progr^ areas, a co0iprehensive nmking cannot be 
achieved within the next year! ERDA is initiating 
the task and will pursue the assessments a^ raipidty 
as possible. It is ERDA's goal ha 1976 to /take ibt 
first 'Mep— men definltif^ iha^nria M ^onpoaeal 
programs in a nnmbtr of kej|[^amM aiiiied iat the* 
same or similar markets. 4 » , 



that mak& up the complex 'l^ni^rgj'^^ spectrum; 
Oot eveA^n the aggre^lffl^caiv' two. documents 
(ERDA-48 and EJlDA-W-i|,^dkim conipleteness. 
Thus, fij^ure planning efforts will build on these 
efforts, adding new information as it becomes avail- 
able and* graduajly incorporating more of the ele- 
ments that must hp considered iffcreating a unffied • 
Plan. Although ihisjoo early itfr state with certainty^ 
what will be included in future reports,^ Jthree activi- 
ties are essential to ERDA's own planning and will 
^likely be included' in ^he next Plan update: ,(1) de- 
veloping energy RD&D costs and" benefits; (2) 
establishing priorities for component programs; and 
(3) analyzing energy RD&D activities in the prir 
vate sector^ ' ^ 

^Developing/Energy RD&D Cost^ y 
and 'Benefits ) \ > \ 

The major energy technologies have not be^n » 
subjected to a detailed review of costs and bene'Bts^ 
althou^ cost-benefit studies ,of some, optidns have 
beenUone. Such assessments are complicated by the » 



lli^ results of this analysis also will enable 
ERDA. to specify tnore accurately the. objectives ot 
each conipondpfr projsram and of the overall* tech-& 
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iMlogies/ These refined obicQdves^W^ more sp^ 
cific with respeact to achievkg qoi)tr^^ of environ- 
ftientiittreleates, costs oft enerj^ production, and'im- 

'proving reliabiliQr^Jbd effi^ a^ssments 
will . apply, to ali energy KD&D projects, whether 

, they .are being dev($iope4 primarily in the private 
sector, in EI^A, .or«in otbiK^overmnent agencies; 
consequently, t^fy ^uld help in deciding the extent 
and timing of priv4$ and/or public' assistance neces- 
saty for the development of energy technologies. 
Nevertheless, the market will ultimately determine the 
attractiveness of implementing ^any one technology. 

Analyzing Energy RD&D Activities 
in the Private Sector 

Private sector RD&D activities are critical to 
the development and the ultimate market penetra* 
tio^^jpf energy technologies. However,, because gov- 
ernment *may n6ed to reii^oibe and assist these pri- 
t vate activities, those who d&sign government policies 
and programs n^usit understand where tlie' private 
sector is using its own RD&D funds. 
/ ' ' This objective necessitates an ongoing analysis'" 
of private sector energy RD&D activities. The results 
,of this analysis, coupled ^th federally deTived in- 
formation, will be a factor in planning tfae optimal 



' allocation of resoui]pes required to finance the Ej- 
ects and progrtois that will meet national energy 
RD&D goals and objectives. ' * 

Pr^ent data collectioiL and analysis methods" 
need to be supplemented to provide more meaningful 
analysis of the private sector RD^ effdrt energy. 
An appropriate framework will l)e designed for col- 
lecting additional data. Aniong the important elements 
ot the frkniqwork are^the problems the effort ad- 
dresses; tif^jgoals of tha research et(qtt; its relation- 
ship to the Abroader plan and to other ^«search efforts 
tmder way; broad project characteristics and descry 
tions; funding and cost estimates; tifne period over 
^ which success is sought; and plans for futtire efforts. 

ERDA will initiate a dialogue with and solictt 
, tM voluntaiy cooperation of industry and industrial 
organizations to develop factual information that 
will provide ERD^ witii needed insights, yet protect . 
sensitive or proprietary infohnation of private cqqs- ' 
panics. ERDA welcomes private sector views on 
ai^ropriate mechanisms fof collecting this informa- 
<jion. ^ . • 

It b ERDA's spal to initiate In 1S76 a more 
iateasive effort to acqntee knowledge ot private sec- 
tor RDftD efforts in eneisy; to apply tlie knowledte i 
to Federal RDAD -planninc and to provide an^ 
iipterim r^ort in the Plan issued neil year. . 
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Follo^g the evdnts of October 1^73, the 
worid energy crisis was viewefl as a problem of im- 
mediate shortage: Attention soon lifted, however, 
first to the issues of pricing and oth^er terms of avail- 
ability, and then to the broader issues of interna- 
tional economic relations and world monetary prob- * 
lems. Althougli these issues have not yet been 
resolved, energy problems are be^ning to be 
viewed from a longer term perspective. Trigged by 
less sp^ufic events, the oil crisis is also being inter- 
preted as symptomaticWf changes long in the mak- 



ing. Attention i^ finally being redirected to the more 
fundamental issues pqsed by a growing wqrld popu- 
lation Remanding ever-increasirig amounts of energy. 

One element of the energy problem is the geor 
graphical location of energy resources and their 
availability for development and worldwide distri-' 
bution. The importance of regional availability to 
the consuming countries was made manifest by the 
assertion of control over eneigy operations by pro- 
ducing and exporting countries. Table A-1 sum-«, 
marizes the present situation with respect to w^d 



Tabtoi 



Estimated Racofwabla RtMrvMof Coal, Pvtrolaum,* and Haturai Oaa 











(In Quads) 


tarcant 




of Total 






of Total 




Natural 


Total 


of Total 


Total Coal, 


Coal, ON 


.ItogkNi 


Coal 


Coal 


Patrelaum 


Oaa 


OllSiOaa 


Oil «! Oaa 


OUAOaa 


«aaa 


UnltjBd States 


4,900 


34.30/0 . 


246 


244 


490 


. 7.6% 


5,390 ' 


25.9% 


Oth^r North America 


142 


1.00/0 


7r 


80 


151 


2.3% 


293 


1.4% 


South America - 


50 


oao/o 


157 


65 


222 


3.4% 


272 


1.3% 


Subtotal, Western 














5,955 ( 




Hemisphert 


5.092 


35.6% ^ 


474 


389 


. 863 


13.30/0 




28.6% 


Middle East 


%3S 


0,20/0 . 


2.343 


700 


3.043 


46.8% 


3,078 


I4.80/0 


North Africa 


neg. 


0.00/0 


227t 


260 


487 


7.50/0 


487 


2.4% 


Middle Africa 


69 


0.5o^ 


169: 


65 


234 . 


3.6% 


303 


1.5o^ 


South Africa 


1 292 


2.0% 


neg. 


neg. 


^•neg. 


0.0% 


292 


1.4% 


Western Edrope 


1,374 


9.60/0 


150 


210 


360 


5.5o^ 


1,734 


8.3% 


Eastern Europe 


1.073 


7.S0/0 


17 


20 - 




0.6% 


1,110 


5.3% 


U.S.S.R. 


3.325 


23.3% 


4S0 


580 




16.3% 


4,385 


21.1% 


China 


2.222 


I5.60/0 ' 


145 


25 


170 


2.6% 


. 2,392 


11.5% 


South & East Asia 


351 


2.5% , 


iia 


75 


185 


2.9% 


536 


2.6% 


Oceania 


460 


3.2% 


• 13 


45 


58 


0.9% 


518 . 


2.5% 


Subtotel, Eastern 


















' Hemisphere 


9,201 


64.40/^ 


3.654 


1.980 


5.634. 


86.7% 


14,835 


71.4o^ 


World Totel , 


14.293 


. 100.0% 


4.128 


2.369 


6.497 ' 


100.0% 


* 20,790 


IQS.0% 


Psfcentege of Totel 


68.7% 




19.9% 


11.4% 






100.0% 




* IndudM natural gat liquid* whan data nvara avallhbla. 














. Tabular date darlvad from tha following tourcat: 















it) All data for tha Unltad Statao aro from tha U3. Qoologleal Survay. 
(2) World Enargy Confaronca, 1974.« „ . . 

(S) ^Changaa Rastructuring Wdrid Oil." Tho Oil aM Oaa ibumaU DocambirSO, If 
(4) **Productlva Capacity Grows aa Worid Dam and FaMra," W«rfd Oft, August 15,. 

Nota: Data ganarally Includa maaaurad and Indleatad roMnraa ai of Janua^r U 1978. 

elaittly wall daflnad to assura tha Intandad comparabllliy. Coal data ara raportad In rnimrg^ unlta. Whara othar roMrva daU waro 
not raportad- In anargy unlta, eonvartlon from physical units wk% baaad on standard comrarslon faetort par barral of oil or cubic 
. fbotofgat. 




although. In aoma regions data ara not auffi* 
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recoverable energy' reserves of conventional fossil 
fuels by type and by geographical location. These 
data refer to known or already discovered quanti- 
ties that can be econoi;nically recovered with exist- 
ing technology. 

The outstanding feature of world fossil fuel 
reserves is their pattern of geographical concentra- 
tion. For example, ^petroleum and natural gas rev 
serves are largely concentrated in the Eastern 
Hemisphere, with over half of the world's total in 
the Middle East and Nor^ Africa, and most of the 
remainder in ;the 'Soviet Union. The U.S. has.Ihe 
next largest rcscwcs of oil and gas. Hpwever, despite 
the large Panadian and Venezuelan producing indus- 
tries, the oil and gas. reserves of the Western Hemi- 
sphere represent only 13 percent of the world total. 

Energy Consumption Patterns 

The most important aspects of the world energy 
situation are (t) the depenclence of most of the 
world on pj^itroleum, and (2) the concentration of , 
both oil and bther fossil fuel resources in relatively 
few countries. Developed countries, other than the 
centrally planned (Communist) economies, rely on 
oil and gas for three-fourths of their needs. The 
same is true of the less developed countries, but ^with 
' their limited access to natural gas, oil alone accounts 
for over (SO percent of their total conmiercial energy 
supplies. ii\ • 

Coal is still a principal emrgy source in the 
centrally planned economies, where it supplies about 
one-half of the total energy consumed. At the same 
time, the use of oil and gas has been increasing 
rapidly, rising from about one-foyrth of total energy 
use in Communist countries, in die early 1960*s to * 
almost one-half of the total currently. 

In spite of rising costs, the worldwide trend 
toward greater dependence on oil and gas is likely 
to continue unless affirmative action is taken to in- 
crease the use of coal and developmient of alterna- 
tive sources. The prospects for coal are not encour- 
aging in many countries sinc^ the incentives and 
advantages continue to favor rdpid development of 
oil and gas resources. Many other countries without 
coal or other fuel resources have no tenable alterna- 
tive to imported oil due to their limited capability 
to develop other sources or the new technologies 
needed to use renewable resources such as solar 
energy. 

Problems of Trade and Distribution 

«Worid consumption patterns reflect, the geo-/ 
graphical location of energy resources and the sys- 
tem of trade or distribution that has served .to link 
consuming, and producing areas. The hi^fy inte- 
grated and efficient global systems of transport, 
proce^ing, and distribution of petroleum that devel- 
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oped after World War II were, in many ways, more 
remarkable than the development and expansion of 
the oil-producing operations. If this distribution sys- 
tem were to break down or become a less effective 
means of linking producers and Consumers, global 
^problems of balancing supply and demand would 
appear as segmented regional problems,, with per- 
sistent shortages in some areas and surpluses in 
other — especially producing — areas. 

This was apparent in the situation in 1975, 
when widespread oil surpluses were a result of 
higher costs to countries with payment difficulties 
and the world-wide slowdown in economic growth. 
The rapid introduction. of supplies from new pro- 
ducing areas, such as the Alaskan North Slope and 
the British and Norwegian sectors of the North 
Sea — each scheduled to deliver about 2 million 
barrels daily by 1980 — could reinforce and extend 
the surplus situation. While such a surplus situation 
is likely to be of limited duration, it may lead to 
improper interpretation^ of basic 'energy supply 
prospects for the longer term. All of the underlying 
difficulties and elements for future crises will remain 
unless there are continuing efforts to reduce the 
heavy dependence upon relatively scarce world 
petroleum resources. 

As Dr. W'. E. McKelvey, Director of the U.S. 
Geological Survey, recently pointed out, one of the 
wide-ranging effects, of the oil crisis: 

... has been to convey an appreciation of the fact 
• that a steadily expanding petroleum supply is not 
something to 1>e taken for granted. . . . Whatever 
else it may have done, the Organization of Petro- ^ 
leum Exporting Countries* action served as a 
4 timely reminder that even the fabulously produc- 
tive fields of the Middle East are exhaustible, and 
that plans must be made for an orderly transition 
to other sources of energy as the inevitable proceu 
of depletion makes oil progressively more scarce 
and costly. The timing and course of the transition 
depend heavily utwn the relative availability of 
the various energy sources, including petroleum. 
(McKelvey, 1975. p. 27) 

^ Obligations of the Industrial Countries 

While the majority bf the less developed coun- 
tries of the world must import the bulk of their 
energy (mainly oil), the industrialized countries of 
Western Europe, the U.S., and Japan account for 
about 75 percent of the total intercontinental trade 
(imports) of petroleum. If oil and natural gas ie« 
serves are to be extended through either conserva* 
tion in use ot the development of alternative sources, 
this extension must be effected in the hl|^y devel-* 
oped industrialized countries, In the U.S» and to a 
lesser extent in Europe, coal is available as an alter- 
native fuel. Neither Japan nor most of the less in- 
4ustrialized world has this alternative. i 

The prospects {jpr imported coal becoming s 
practical aitemative to oil seem very unlikely for 
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countries lacking their own domestic coal sources. 
Aside from the problems inherent in the geographical 
location of the surplus reserves, extraordinary diffi- 
culties are involved in moving and using coal in most 
of the resource-deficient countries. While Japan im- 
ports a sizable quantity of coal, it is mainly for spe- 
cial use in the steel industry and not as a basic 
general-use fuel. 

Most energy-deficient countries have found no 
readily available alternative to continued imports of 
oil, and no alternative is likely unless initiatives are 
taken through vigorous R&D programs in th6 most 
technologically advanced countries. Successful de- 
velopment of. alternatives could ease the world 
energy situation in. several ways: 

• Rrst, if conservation and new technologies yjprc 
vigorously applied in the industrial countries, the 
total world demand on the reserves of the Middle 
East and other export areas could be decreased 
sigmficantly. 

• Second, technologies developed In the inSustrial 
countries, especially those using renewable re- 
sources such as solar energy, wind, and water 

• power, might be adapted for use elsewhere. 

• Third, some of the lower quality energy sources 
still undeveloped, such as oil shale and tar sands, 
might be exploited with the assistance of those 
countries that are technological leaders. 

• Finally, improved methods of exploration and de- 
velopment of conventional fossil fuel resources 
could expand the worid's reserves and improve 
distribution. 

It is possible that extensive resources of the 
conventional fuels can be found outside of the estab- 
lished, producing areas. Estimates of undiscovered 
recoverable resources indicate that the ultimate pro- 
duction of oil, gas, and coal will be far beyond that 
■ unplied in the estimates of reserves in Table A-1. 

Estimates of World Resoufces 

Reserves are essentially the proven inventory 
that producers must have on hand to continue op- 
erations. Therefore, the most surprising characteris- 
tic of existing worid rcservjs is not how small bUt 
how large thfcy arc. Based on world rates of produc- 
tion in 1974, the total reserves of petroleum wotild 
* last for another 35 years and the worid coal reserves 
^ shown in Table A-1 would last*for about 175 years. 
Yfct, these global averages are dcceiving.because not 
all producers have equal call on the easting stock, 
ahd, further, demand can be expected to inqrease 
in the future; " 

It is generally expected, however, that addi- 
tional resources will be located and moved into the 
reserve category in the established producing areas. 



For example, in the Midclle East where the potential - 
producing areas are generally^ well ^defined, ^me 
estimates suggest that the presently published petro- 
leum reserves of some 400 billion barrels may ulti- 
mately be at least twice as large ("Middle East OiF 
Reserves," 1975, pp. 369-371). The U.S. Geologi- 
cal Survey estimates that in addition to the 45 billion 
barrels of UiS. proven reserves of liquid fu6Ts there 
may be some 30 billioh barrels of iijerred reserves , 
and another 60 to 150 billion barrdp of undiscov- 
ered resources. Similarly, estimates of the undiscov- 
ered South American potendal are about double the 
current reserves. , ♦ ^ 

There is grcdt current interest in the growing . 
potential of offshore production of oil «^ gas. The 
U.S. Geological Survey estimates that fpk offsh6re 
recoverable oil resources yet to be discovered may 
range from 10 to 50 billion liarrds.* In the North 
Sea, where published oil rcservfes arc . generally 
shown to be 20 to 25 billion barrels, ultimate re- 
coverable resources are being placed at 45 to 78 
billion barrels (Turner, 1975, p. 158). Estimates of 
ultimate recoverable oil resources for the Canadian 
ofishore, including the Arctic, arc many times their 
current reserve estimate. There is also considerable 
interest in developing the offshore resources in other 
parts of the world. / , 

Total resources of coal are much more easily 
authenticated than oil or gas resources. The total 
worid coal resources have been estunated at more 
than seven times the world reserves. Table A-2 sum- 
marizes some of the available resodrce estimates and 
compares them to reserve estimates. In a compre- 
hensive survey of worid energy resources (Wor]d 
, Energy Conference, 1974), worid coal resources 
were estimated at 12 trillion short tons, perhaps 
one-half of which would be recoverable. Others 
(Averitt, 1975) have indicated that the worid total, 
including "hypothetical resources," could exceed 16 
trillion tons, with some 4 trillion tons located in the 
U.S. Coal resources occur mainly in areas above 30 
degrees N. latitude, with more than one-half of the 
total in the Soviet Union and China: North America, 
Europe, and Australia account for most of the 
remainder. ' . « 

As Table A-2 indicates, total resources of each 
mineral fuel are estimated to be a multiple of (usu- 
ally several times) the volume ol reserves. This is 
to be expected since resource eilliMtes include ex- 
trapolations of amounts in existing proven areas and 
speculations about other potential discoveries. Un- 
less properiy interpreted, however, data on resource 
estimates can be misleading. For example, not only 
is the existence of these resources uncertain but, in 
many cases, great advances in technological are re- 
quired before the resources cto located, devd- 

• Included' in the 60 to 150 bilUon hMrAk of undiicoyered 
recoverable reioufcet noted above, f 
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oped, and used in envjiroiunentally acceptable Ways. 
It is viully ;iiijlp^^^ that these technologies'; be 
developed in > timely fashion and that scienc^^4iid 



. technology be contmhted to' the more challenging.' 
tasks of finding ways for efficient and economic use 
^of renewaWe apd essentially inexhaustibly resources. 
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Appendix B v u 
Ncft Energy Anplysis of Nuclear 
Power Production 




The puqposc oi this' appendix is to present the 
first of a series of net energy analyses on the major 
Cjoergy technologies being pursued ERDA. Nu- 
power has been the subject of much recent dis- 
a and was chosen fo> the first study. The anal- 
resses the Amount of electricity generated by 
^ar plant relative'^to the amoimt of external 
'eiK^ required to construct, fuel, and operate the 
pl^t. 

JThis appendix briefly discusses the underlying 
concepts of net energy analysis; presents the analysis ^ 
of electrical powerfrom a light water nuclear reactor, " 
and reports the resulti' of studies by the, State of* 
Oregon, the Center for Advanced Computation of the 
University of Illinois (Pilati and Richard), Develop- 
mentA^iodces, Inc.? and the Institute for Energy 
Analysis.* '^'^ -V * . : 

The preisent analysis draws from these studies 
and arrives' at the same general conclusion — that a 
nuckaf power plant produces substantially mor^ 
energy than is^ required to construct, ^el, and operate 
the plant. The majori!bnclusions are:' 

• The direct an^ indfrect external energy inputs are 
about 26 pdtcent of the energy output. This value 

' is within the range of values f Or electrical generat- 
ing facilities fueled with conventional fossil fuels. 

• Uranium enrichment, using the diffusion process, 
accounts foe. about 9 1^ percent of all direct energy 
inputs and for )f2 percent of all direct and.ihdirect 
energy inputs. Use of the gas centrifuge process 

• now being developed wou^jd significantly reduce 
the .energy required for enrichment. The construc- 
tion and operation of the pbwipr plant accoimt for 
: another 16 percent. • • 

I • The internal energy loss due to the tnermodynapiic 
f;fficiency of a nucl^ plant is about 68 percent. 
TMs mians that the nuclear fuel must generate 
3,000 Btu of energy In dfder to pnxluce 1,000 
Btu of output as electricity. ' 

• AQCor41iig to two 1975 studies (Development Sci- 
ences; Inc., and OregOb)^ 6,000 toi 7,000 Btu of 




smrce base must be available in order to haire 
j 3,000 Btu energy input to the reactor. This 
.^aitional resource base is necessary to allow for 
uranium not recovered during mining or lost during 
processing, and the fissionable uranium left in the 
talk during the enrichment proce^. However, all 
the 3,000 to 4,000 Btu of energy remaining are 
not irrevocably lost or consumed; much of the 
energy may be utilized in the future if tiie eco- 
nbmics of processing these Resources become *^at- ^ 
- tractive. 

Xaeheral 

In net energy analysis, selection of the appro- 
priate boundaries for the analysis is diflScult.** A sim- 
plified bpund&ry categorisation cuts thci tssUe into 
horizontal and vertical sets. The horizontal set en- 
compasses the energy production (transformation) 
processes from resource extraction to point of dis- 
tribution. The boundary of this set can be extended, 
at the point of extraction to include the,resource base 
that was not recovered during extraction. At the 
other end, the boundary can be extended to incorpo- 
rate the local distribution of energy and the energy- 
losses in the enfd-use devices. • 

The vertical set centers around the direct energy 
inputs, either electrical or thermal, externally re- 



* Sec the bil^Uoj^aphy for detailed ref ertocci.' 



In addition, the analyiis may be either italic or dynamic 
with resist to t|ie tim»-phased upocti of the enBigy 
expenditures and butputi. 

External energy it the energy required from louroei oirt- 
: Me the transformation piocett being investigated. For 
: electric power plants (the final production transformation 
" process in a sequence iha$. starts with mining the fuel re- 
source), the external enefgy required Indodes the Mdrgy 
used to l^ild, equip, and operate the phuit» but does hot 
inclutte the internal energy lost (as waste heat) in the con- 
version of thermal energy to electrical eseny. Th#t is, 
the energy content of the burned ftid Is not counted u an 
'external energy input. The energy content of the fuel is 
counted, however, in calculadbas on tiie a^noont of re- 
' lourqe base required to provide i certain level of energy 
in the desirqd fortn- (Ml the eiafliple here^ cle^bricai 
energy. 
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Figure B-1 Conceptual Bifundarie^ for Net Enei'sf Analysis 



quired to ^execute a step in^the iiorizontal set. the 
boundaries of the vertical set can be extended to in- 
, elude the indirect external energy required for fa- 
cility cdiji'sthiction a^'dihe eqergy required to produce 
^ materialisi directly employed in £he processes: THese 
/ items include the energy use4in producing equipment 
and materials (e.g., steel, paper, sulfuric ^acid) that 
are then used to builj and operate an energy pro- 
ducing plant, iind the energy lost during process 
stages (e.g., scrap fuel, tiiermal conversion, transmis- 
sion). The vertical boimdary can also be extended to 
include the energy eiibodied in the labor, Ihe eoo- 
Sy^em, and the organ zational inf rastnictu^ ^lat was 
necessary to support t le energy production prrcess at * 
eaqh ^tage. Figure B-1 shows the boundary possi- 
bilfUes. 

Multiple (]efiniti3ns -of energy systems bound- 
aries, combined with legitimate differences in assump- " 
tions and concerns rbout the addition of different 
energy forms (\fith dilerent preference values), cause . 
net energy results k> vary. Several studies have at- 
teppted to define a vtiriety of ratios, net summations, 
or other mcuaisures th 1^^ 9^^ly related to a par- 
ticular question about energy efliciehcy; Howeyer, too . 
heavy reliance on a si igle number, or ratio, to define. 

' the net energy of a psirtfcular techoology misses tho^ 
qiost important point of net energy analysis — to pnn 

^ as a supple-- 




ment to other important econon^c and technical data 
.and analysis. 

Specific Methodology for NucleSr Pow< 

For^the example case on^uclear pqwer," 
energy calculations include tKe first-order dl( 
direct fuel inputs and the second-order effects of 
energy losses and energy inputs into equipment 'knd 
materials. These are the external direct and indirect 
energy inputs.t .The direct effects are calc'umed 
thrdfugh the use of process analysis, where the ^uan^ 
titles ^of energy used for each activity in th^ produc- 
tion i^i^ss are determined. In spme instapoes, these ^ 
figun^s have been 'detennined u^ing ain ragine^ 
flow sheet of the ffoces8; in other cases, an esdmate ' 
is obtained by measuring the expenditures for energy 
during a period of time and dividing by the average 
price for energy during the same time period. '* w 

The indirect energy requhrements^are computed 
throu^ the fi^ of a 3S7-sector Input-Output mpidel* 
that relates eiacii fuel-producing and fnel-consumuig 
sector to each other one. The modet can be 'manipt^ 
lated mathematically to account for energy require- 
ments irom the many sectors that contribute to the 



*C. -BuDard and It Herend^ EMtfyKCoiip i^ C^oif 
and Strvlcti, lliS iMd 1M7. Document 146/ CenitAr rc^^^ 
Advanced Computation, Univcfsity <tf lUinoU Ufbana, 

: Mawh 1^. ^ 
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equipnient and materials used in the nuclear fuel 
process. This tool saves the effort that would be ex- 
pended to conduct a process analysis for every pro- 
duction sector of the economy. 

The energy embodied in labor, ecosystems, ^d 
organizational infrastructure is not included in this 
example. Early results (see University of Oklahoma, 
1975, Appendix B to Chaptjjr '^) from an analysis 
of the ecosystem energy inputs oa another technology 
tend to show that the ecosysteqi energy contribution 
is of ^;lower magnitude than the other energy inputs. 
Also, labor and infrastructure energy inputs are not 
well documented. 

The steps of the nuclear power production proc- 
ess included in the case example, are: mining, milling, 
'conversion, enrichment, fuel fabrication/power plant 
construction and operation, fuel storage, waste stor'- 
-^e, and trimsportaUon for each stage of process. 

The energy requirements for ekch of the nine 
process stages are shown in Table y-1 in terms of 
the components of external energy' inputs: di- 
le^ &els, energy for construction, and energy iorj- 
materials. This'<Usaggr^egated presentation serves two 
purposes: (1) to perihit the determination of the 
quantitatively important items as compared to items 
that are less significant and (2) to begin focusing at- 
tention on those processes where efficiency improve- 
ments can be m£|||^ V* 



The.^nergy content bf the uranium left in the 
pound r^sftive to the amount recovered* under pres-*- 
ent extraction techniques is not included in this ex- 
ample. Most uranium mining is open pit and almost, 
all of the uranium is captured in the mining process. 
For deep mining, significant uranium resources would 
remain in the ground, but it is npt clear whether this 
value should be added to the other values. This ura- 
nium reseource has not been lost or used up and can 
bj recbvered, at some higher cost, in the futiire. Fur- 
ther discu;ssion of this point is presented later in this 
Appendix In addition, the analysis does not consider 
the net energy inaplications of electricity usage be- 
yond the electric generating station. -Hius, transmis- 
sion Idsses and the^ efficiency of end-use devices are 
not included. However, for the- purpose of compar- 
ing various fuels for supplying electricity these losses 
would be identical, and therefore, would not affect^ 
any conclusions based on these analyses. The 
analysis also does not include plant decommissioning, 
requirements, but they are thought to be small. Also 
not included is the residual energy still available in 
. the plant and fuel afS^ 30 years of Operation. 

Detailed Calculations 

The energy reqiiued for each step in the fuel cycle 
(Table B-1) has been determined for a 30^year life, 



Table B-1 Energy Requirements for a Large Nuclear Power Plant 

lOQD MWa PrmuriMd Water Raaaor— No R«cycl«-^0.20% EnrichnMfit Tails Assay 
30 Yaar Ufa-41% Avaraga Capacity Facto]^160,300,000 MWh Output j(547 Trillion Itu)* 

.DactriAl Inputs, In yWh 



Procoss 



Quantity 



Diract Matarlols Construction 



Tharmal Inputs, In Millions Btu Total Inputs, 

. Billion 

Diract Matarials Construction Btu ** 



MNng ^ 
Milling 
Conversion 
Enrichment 
Fuel Fabrication V 
Power Plant 

Construction and 

Operation 
Fuel storage * ' 
Waste Storage 
Transportation 

— Natural 

—Fuel 

Totals 



3909 MTU 

3909 MTU 
3124 X 10" SWU 
683 MTU 



30 years 
683 MTU 
30 years 



47,760 22,050 
67,430 16,140 
39,83(f 16,620 
8,778,O0O<i8;120 
67,750 137,200 



6,210 1,005,000 
2,780 1,310,000 
620 4,826,000 
24,050 1,048,000 
600 147,900 



0 256,500 205,000 
7,2aP 2,430 3,880 
130 U,560 320 



3909 MTU 
693 MTU 



14,5 

C'4 



410 
1.^ 



0 

0> 



378,000 
4,560 
2,080 

ai,900 
120,300 



621,500 
621,500 
426,000 
428,000. 
l;i579,000 



8,179,000 
64,300 
^ 158,200 



441,500 2,935 

121,200 3,037 

29,000 5,334 

1,016,400 103,037 

26,000 4,09$ 



24,470 

92,290: 



9,583,000 
174,300 
22,950 

0 
0 



23,401 
240 
398 

61 

230 



9,008,000 475,600 243,460 8,874,000 12,195,000 11,414,000 14^769 



•Bactriclty convartad to tharmal aqulvalant at 3413 Btu par kllowah hour N 

Laiand: MTU— Matric tons uranium . ^ w ^ % ' 

8WU— Saparathra work units (diractly proportional to tha anargy raqulrod tha anrichmant procasa) 

'••Bactitelty ^nvartad to-toiarmal aqulvalant at avarata h^^ 

Nota: Tha epnvarslon W aWrlcai to tliafmal linlts plus 4ha ad«^ltlon of' tharmal Inputs ^roni diffarant anargy Ji^urcM ia^orM tli« 
qualN^aspaet of prafarrad fuals. This Is a sarious shorteomlnjt^ M thara is slngla factor that Is Mtmctory^ f0r con- 
yarUnf diftarant snargy sourcas Jo an aquh^alant baaa. ; 
Sourea: Instltuta f6r Enargy Analysis wKh fdjuatmants by EHOK . . 
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Table 



Energy, Requlremenlt for Light Water 
Nuclear Fuel Cycle Elements 





-Eci u hrs 1 Afif 

Th«rm«L 
Energy 
aiilllon Btu) 


'PeroenUge 

of ToUl 


Mining ^ ^ 


— ' ' 

2.9(35 


2.1 


Milling 


*3,037 


2.1 


Conversion . 


. 5.334 


3.9 


Enrichment 


103.037 


72.1 


Fuel Fabrication 


4.096 


2.9 


Power Plant Oper/ition 


23.401 


16.4 


Fuel Storagflk 


. 0.398 


0.3 


Waste Storage ^ 


0.240 


0.2 


Transport^ion t 






^Natural U 


0.061 


0.1 


— Fuei ;^ ^ ^ 


0.230 


0.2 


Totals 


143* 


noo*. 


* Rounded 







require 72 percent of all energy inputs. This is shown 
in Table B-2. Constnictioh and operation of t^e 
ix)wer plant account for 16 percent ot etter^ re- 
quirements and all other steps combined account for 
about' 12 percent.' - ' '/^ 



Cohclusions ' 

The nuclear 
energy. The resi 
where plutpnium 
than recycled and 
factor of 61 pen 
quires 262 units 
output to the bus b; 
ihg plant utilization, 



[with 



: : ■ ■ : 

/ ; 

1,000 Megawatt electric (MWe), pressurized water 
plant utilizing convantional uranium ores and a 0.20 
percent ehrichment tails assay. It is assumed that the 
spent fuel is not reprpcesised to recover the unused 
uranium and plutonium. These energy requirement^ 
include the '^iirect and indirect inputs o^ both elec- 
tricity and thermal energy. Indirect requirements 
cover the energy content of the materials riiquired 
plus a prorata share of energy used to construct the 
plants needed for the fuel cycle. Energy requirements 
for third and higher orders of processes, obtaiiied by 
tracing the energy content of materials and Jequip- 
. ment back to the resource base', have been fbund to 
be very small con^pared to these first- and second- 
order energy inputs, and have therefore been i|^red. 
It is assumed that the plant ^nerates electricity on 
the following capacity schedule: i 

1. Five-month, period prior to being declared 
commercial— 40 percent 

2, Tifst two years as a commercial plaht — 65 
percent 

3;v Years 3 through 15— 70 percent 

4. Last 15 years— decreiasds 2 percentage points 
per year from 68 percent in year 16 to 40 per- 
cent in year 30. ; 

The lifetime output of the plant while operating 
according to the assumptions used^iiere is 160,- 
300,000 MWh, or 547 triUion Btu: Tlie external 
energy inputs required are 143 trillion Btii, or 26 

percent of the, outM. f ^v^TtoTo '^^^^^^ 

Table B-1 shows that the uranium ei]|ichment university of IIMnois, O 
step is clearly the dominant energy cgnsunjier df all 
the nuclear fuel cycle steps. Jt consumes 97 percent 
of direct electrical inputs and accounts ifoir 91 per- 
cent of total electrical requirements. Ht all ^ergy in- 
puts are summed by converting electrical ^iAputs to 
thendai equivalents, the enrichment step ul. found to 



ption^ clearly a net produce&of 
of this\analysis are for the case 
1 spent uhiQium are storedTather 
capacity 
system as descHbed re- 
put to provided 1,000 unit^ of 
Recycling spent fuel, improv- 
d. operating the enricl|ment 
pl^t at a tails assay ab6ve the assumed 0.20 percent 
would improve the energjM^ciencjT. For example, 
a capacity factor o? 75 perc^insteaici of 61 percent 
reduces the energy input; tequbfeni^t by 5 percent. 
An enrichment t^ls assay sissumpdic;^ of 0.30 percent 
instead of the 0.20 percent used v^ould lower energy 
input requirements by 15 percent. 

The results of studies by'dtbbrs are similar to 
those reported id this analysis and are sununarij^ 
in Table B-3. . 

The most proniising'airefl^. fori improving tfib net 
energy position of the light Vater reactor system » tp 
reduce the energy consumption of the enrichment 
step. The data used forvthis exermse assume enrich- 
ment by the current gaseous diffusion process. De- 
velopment is well along on the opntrifuge process, 
which is expected td^reduce the direct requirement: 
for electricity by a factor of ten.) Other more ad-^ 
vanced processes are in the condeptual Stage. The 
introduction of recycle would also reduce energy in- 
put requirements since less enrichment would be re- 
quired and smaller quantities of ore would need to 
be mined. ' 

The net energy discussion aoove has focused on 
the quantity of external energy tlat must be invested 
in; extracting, processing, and tra isporting fuels,- and 
building and operating the indiistiijial cd^plex used to 
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Net Energy Analysis of Nuclear Power Production 



generate energy. Other analysis approaches dfgi also 
useful for onderstanding energy transformation proc- 
esses. Two approaches, dynamic net energy analysis 
and analysis of the resource base, are discussed be- 



' Dynamic Analysis > 

■ A dynamic.analysis of the direct and indirect ex- 
ternal energy expenditures and the energy output of 
nuclear power plants as. a function of time has been 
completed. This analysis indicates that: 

• The external energy expenditures required to build, 
fuel, aivd operate each plant are recouped early iii 
the second year of commercial operation. 

• The net energy obtained from nuclear power froril 
1973 to 1985, under an assumed construction 
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schedule based M ERpA-48 scenarios, is strongly . 

positive. ■ * . 

External energy expenditures start about 5 years 
prior to plant pperatiop^ when major construction 
activities begin. The expenditures accelerate in th^. 
ihiM year prior to conunercial operation due to 
n^bg, milling, transport, and conversion of uranium 
needed for thie initiied reactor fuel core. Urani^um en- - 
richment and fuel fabrication expenditures occur dur-^ 
ing the second year priof tp conunercial operation. 
During tl}e first year prior to conmiefSi^.op^tiQn^ . 
si^ve flow of energy tak<» mace as a result 
lectrical energy generate during pre-com-'. 
operation testing. This energy exceeds ^t 
to complete, construction, operde the plant 
months, and provide for mining, milling, 
rt, and conyersion of the uranium needed for 
t reload. 





' « ■ ■ ■ ' ' 
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CONSTRUCTION 

io. OF YEARS 




Figur% 



BASIS: ■ ' 
tOOO MVtfe PWR 
NO U OR Pu RECYCLE 
CONVBMTIONAL O^ES 
0.20% EMBK^ENT TAI LS 
CAf»ACITY FACTORS 
- 40%. 5 MONTHS PRIOR TO - 
COMMERCIAL' OPERATION 

■ 6596.VFIRST TWO YEARS OF 
COMMERCIAL OPERATION 

■ 7(^. AFTER SECOND YEAR 
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Dynamic Net EiMMTgy Analysis of Nuclaar Powtr 
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From tl)e time^f comniercial operation onward, 

. the energy flow of the nuclear plant is strongly posi-^ 
tive.JEarly in the second year of operation,* all energy 
investments have been repaid and four units of energy 
are returned^ for each energy , unit required to oper- 
ate the^^j^nt and" all associated fuel cycle steps. 

figure B-2 illustrates the net energy flows, as a 
function of time, for a siHgle 1,000 MWe plant. The 
assumptions are tlf^^ame as th(>se ; contained in 
earlier discussions in t^^^ppendix. . ^ ' 

. ^ 'By the end of 1985, 13*5,000 megawatts of nu- 
cleiar power could be in commercial operation (see 
ERDA-48 scenarios). At the end of 1975, 52 nuclear 
plants were in commercial operation with a com- 
bined'^tential capacity of 37,000^ megawatts. Thiis^ 
over the next 10 yejurs ah average of 15 plants per 
year (of 1000 MW^ each)/ must be brought on line 
inbrder to meet the 185,000 megawatt level. 

The external energy reqmred^ to build, fuel, and 
operate these new additio^^ the Nation's electric 
system is substantial!* Buruie energy produced by * 
the plants, both during pre-conuntjrdial. Resting and 
conmiercial operation, is mwh^^^^Ug^^ B-3 
illustrates the net energy t|end/^^^^^,^sun^ nu^ . 
clear electric system from 1973 !^^18^^^^ 
on the $^rve riepresents the diffeniiit^ he^jb^ the 
total nu(^ear system energy output *^Mii<mf and 
the' total external energy inputs (electrical , plus 

' aiermal)'for each year. The values for 1973, 1974, 
and 197^ have been adjusted to reflect actual plant 
operating experience. The capa.city factor trend estab- 
lished during this period is assued to continue for the 
years 1976, 1977, and 1978. Thereafter, the calcula- 
tions reflect the assumed capacity factor schedule 
listed earlier in this ai^n^. 

Resource Base Analysis 

. This analysis requires the' use of broader bound- 
aries to include, as energy expenditures, the loss or 
non-use of uranium from point of extraction through 
the remammg steps of the fuel cycle, and the thermo- 
dynamic loss of useful energy in converting thb 
thermal energy to electricity. The amount of initial 
resource required to provide a given quantity of'^ 
energy reflects the ultimate potential of that re- 
source to provide future energy^ needs based on 
cur^nt technobgical use patterns. For uranium, 
the longest non-use of resource occurs in the fissicto- 
able materi^ which remains in the depleted uranium 
after the enrichment process? In addition, smaller 
amomits of i^anium are- lost in each stage of ftiel . 
^cle mmmg and other prpcessmg. Another miq*or 



* The energy expended for plenta cOTisthicted prior to 1985 

* but not teiai into comm.c^^ operation until after 1935 
ia also iadOded. '''^ . 
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loss of resource use occurs in the nuclear gei^raiing 
plant where, like fossil electric plants^ /about one- 
third of the thermal energy obtained the 
nium is converted mto electrical eheiiy. Analyses 
performed \sy Devebpment Sdente8,<uac« an4 the 
State of Oregon indicate tl|at from 6,Mp to 7 
Btu of .enerigy resource input are required to pro- 
duce l»OOOBtuof eltotricity. 

.The net energy of nuckar deotdc by 
this measure could be substaintiaUy imprci^^ if t^ 
eopnonucs of the transformation process^ wim more 
favorable, such as by extriatctiiig mm of the fission- 
aUe uruiium during the enrichmeni piipcess or' by 
the more eflScient use of thf f xhauiffffd ehrrgy frbip 
the power plant (e.g., for process he^). 
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RD&D Technology Programs 



Breeder Reactors 



,Thc development, design^ construction 
IratioiT of components and systems that u 
fuels fpr i)h>ducing power or process heat 
fissionable material is produced at a fastei 
it is cbnsumed. The program focuses on th 
ment of a liquid metal fast breeder reactor 
and is also investigating the concepts of 
and ^ght water breeder reactors. 



Glossary 



and op- 
ube nuclear 
in which 
rate than 
5 develop- 
system, 
das-cooled, 



Coal — Direct Utilization in Utility/Indus' ry 

" The development, design, constructioi, and op- 
(sration of advanced components, systems, and proc- 
eisscs involved in the combustion of various types of 
coalj transfer of the heat produced to steahi or other 
working fluids for process or power use; ind reduc- 
tion or control of the generation of pollutants during 
combustion. The program includes the development 
6f new combustion methods (e.g., fliidized-bcd 
.combustion), design of m6re efficient boilers, and 
use of additives during combustion. (Stack gas 
cleaning technology is covered under Env ronmentsil 
Control Techiiology.) 



Conservation in Buildings and 
Consumer Products. 

The development; di^gn, constnifction, 
operation of buildings and -consumer prcxlucts 
m intmirft energy consumption. The tectinolo^ 
cludol types of insulation and fenestraticn 
tems; of control to minimize energy rr 
as wj^ll as consumer products such as 
.tele#ipns^ and heating, cooling and vent|ilating 
tenia; thielt useless energy. 



and 
that 
in. 

and sys- 
reduirements, 
appliances, 

sys- 



EIM|ri6 Conversion Efficiency 

The development, design, construction, and op- 
eration^ of advaneed devices for convertmg he^t to 
eleCtrii^ty. The program focuses 'on mechamcal, 
electrochemical, and thermodynamic dejvices (e.g., 
fuel cell^ t&ibrmipnic, thermoelec^c, magnetohydro- 
dynamic^ and turbine systems) that empl6y working 




fluids other than steam and combustion 'gas, ' fre- 
^ qu&ntly in combination with ponvention^ cycles. 

Electric PoMr Transmission and Distribution 

* The development, design, construction, and op- 
eration of systems to transport electrical energy 
from the generation station to the eventual utiliza- 
tion device. The technology includes ejctra-higji- 
voltage. AC, DC, underground, and cyrogenic 
systems, as well as system security and lod'd manage^ 
ment. 

' . 

'Electric Transport 

The development, design, cojis 
eration of transportation meth 
ener^ as the source qf propulsi< 
nology includes electric automot^iles, ttli 
transport sj^stems. 

Energy Storage 

The development^ design, construction, and op- 
eration of' advanced devices for^storing energy until 
needed. The technology includes devices sifcB as 
batteries, pumped storage for hydroelectric genera- 
tion, flywheels, and compressed gas. . 

Fuels from Biomass 

The develdpment, design, construction, and op- 
eration of systems and processes for the conversion 
of biological materials Ito energy sources. Tlie tech- 
nology includes such ptocesses as the conversion of 
wood or other plants to alcohol, and the fermenta- 
tion or decomposition of organic by-product ma- 
terials to produce methane or other fuels. 

Fusion 

The development, design, constmction, and 'op- 
eration of systems and glbOMses for combining or 
fusing particles of the lifter elements into elements 
of higher atomic weig|it as a means of producing 
usable power. The programxis currently investigating 
several methods to induce fusion, iriclw&iig lasers 
and magnetic confinernent systems. < - t 
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, Gaseous and Liquid Fuels from Coal 

The dj^velopment, design, construction, and op- 
eration of comppnents, systems, and processes that 
will convcit various types and ranks of coal to othf r 
tud,fQn^«V These forms include cleap gases of 
either ^jg>er low energy content; and oils and 
other cl^E liquid fuels or solid fuels that have 
higiher heat content,' less a^, and fewer impurities 
than natural coal. Gaseous fuels production includes 
both above-groun4 tod in situ processes. 

Geothermal 

The development, design, construction, and op- 
eration of systems ^lid components to extract and 
convert ^the heat energy contained in geological 
formations to power. Geothermal resources include 
hot rocks, dry or wet steam, hot brines with: associ- 
ated methane, andtaagma. 

Hydrogen in Energy^ystems 

The development, design, construction, and op- 
eration of systems, components, and processes for 
producing, transporting, storing, and utiliAig hydro- 
gen as a substitute fuel. The technology focuses on 
the development of non-electrolysis processes for 
generating die hydrogen product f rdm non-fossil 
sources and on methods for storing and transport- 
ing it 

I 

Industry tnerfy Efficiency i ^ 

The development, design, construction, and op- 
eration, of industrial processes and equipment to. 
minimize the energy requirements of fabricating, 
forming, converting, or producing industrial or agri- 
cultural products. ' . 

Nuclear Converter Reactors 

The design^ construction, and operation of 
components and systems which use nuclear fuels to 
produce power or process heat and which consume 
fissionable material at a faster rate than it is pro- 
duced. The program focuses on the high temperature 
gas cooled reactor (HTGR) and the continued' de- 
velopment and improvement of basic techncdlogies* 
associated with light water reactors (LWR). (See also 
Support to Nuclear Fuel CycleO 

Oil and Gas Enhanced Recovery 

» ■ • ■ , 

The application of improved techniques, proc- 
esses/ and methods that, permit extraction and re-^ 
covery of additional aifabunts of oil or gas. These 
applications include hydraulic fracturing methods, 
the injection of solvents and heat to increase yield» 
and other advanced methods to enhance recovery. 



Oil Shale . ' * f 

The dIvVlopment, design, cons^niction, and op- 
eration lystems, compoi^ehts, and p^rocesses for 
extracting hydrocarbon ' products from 'shal|^ and 
converting the pxbduct to liquid or gaseous fitels or 
other chemical commodities. The program inohides 
the development of in situ biethods for product 
» extraction^ ' 

Solar Electric ' ^ ^ 

The development, design, construction, and op- 
eration of systems, to collect and trai^orm the radi- 
ant« energy of sunlight iflto electrical power. The 
technology includes the xuse of various collector 
(e.g., mirror concentrators) and conversion systems 
(e.g., photovoltaic devices) &s well as solar-derived 
energy (e.g., wind or ocean thermal gradients). 

Solar Heating and Cooling \ ^ 

The development, design, construction, and op- 
eration of systems that utilize and/or store the radi- 
ant energy of sunli^t to provide comfort control 
and heated water for household, industrial, or agri- 
culturalf' use. 



Transportation Efficiency 

The development, de^jm construction^^d op- 
ef&tion of :more efiScient t|ri|psport sy^t^s. The 
technology 'focuses on ships, ^planes, tracks, autos, 
trains, and pipelihes, as well as the^power systems 
^'involved. 

Ws\strHeat Utilization 

, The development, 
eration of systems that 
heat incident to the _ 
or industrial products 
bottoming cycles as 



desi 



pre 



systems employed 
industrial complex 



dl 



i, constfiictipn, and op- 
tbe' waste or rejected 
[uction of electrical power; 

technology focuses on 
as integrated total energy 



residential, commercial, and 



Waste Mateijals to Energy 

^ The developmenti^sign, constraction^ and op- 
eradoh of systems fiM processes for converting the 
energy contained in ^aste or refuse into power or 
heat.. The technology also includes processes for 
recovering and recycjjng non-energy resources, y 

Broad Supporting Technologies 
or Programs . / 

Basic Energy Science 

A broad-based program of scientific (hvestiga^ 
tion into* the fundamental nature of die universe to 



Glossary 



U9 



develop greater understanding t)f the nature, and 
behavior of matter. The program includes research 
in the" molecular^ material, nuclear, and^ biol9gical 
sciences. \. ■ - ; ^ 

niiMiiiiilii lil iHil fiivli iMiii^ n ii rli - ^ 

The ^lientific investiga^n of the healtMkind 
environmental effects of radiati(}p and other pol- 
lutants on the 'environment and its inhabitants; 
'This program includes the study of ecplogical rela- 
tionships and the development of systems and meth- 
ods to measure the release of noxious or^hannful 
siibstaijpes, 

(nformaffon Dissemination 

The preparation and widespread distribution 
of the technical information and [data developed 
through the energy program to encourage broad 
-public knowledge, understanding, a^d application. 

Manpower Development 

The training and education ;^ of personnel to 
ensure an adequate pool of trained and knowledge- 
able manpower to design, construct, and operate 
new facilities and systems resuldng from, the devel- 
opment or commercializaUon of ii^w energy tech- 
nology. 



Safety ' 

'l^^e developm'ent, design, cbnstruction,vand op- 
eration of systems, components,* and devices tQ pro- 
tect Ihe public and workers^rom the health l^azards 
associated with eneiygy production and utilization. 
•TTie^program focuses on the ^development of devices 
and desighs to prevent accidents or to mitigate the 
consequences of potential accidents. 

Systems Studies 

The development and application' of methods 
and techniques for analy^ng and assessing pro- 
grams, activities, and pipjects to review and assess 
efforts to date and to determine future courses and 
directions. These studies include cost/benefit analy- 
sis, environmental impact analysis, assessment of the 
likelibbod o^ technical success, forecasts of possible 
futures resulting from specific actions, and guidance 
for energy program planning'and implementation. 



Specific Supporting Technologits 



Environmental Control Technology 

« \ The development, design, construction, and 
demonstration of processes and systems to control 
the amount and type of pollutants discharged into 

' the environment as a result of energy conversion, 



extraction, or use. The technology includes such sys- ^ 
terns as scrubbers, filters, washers, and pffipipitators*" 
. to remove noxious gaises op particulates ^om com- 
bustion process|j|| methods to control or remove 
radioactive gases 0|ppairticulates from nuclear proc- 
esses; converters to modify exhaust from automobile 
engines; and cooling towecs and other means to per- , 
Init the dissipation of waste heat' with minimurrt ad- 
Verse environmental impact. ' 

EfXploration and Resource Assessment 

The development and application of advanced 
^'technologies' to locate, identify,/ and assess the 
aniounts and types of energy , resources or other 
useful material m geological formations. The tech- 
inolbgies include such inethods as /miaghetic and 
jgravimetric measurement, seismic and acoustic scan- 
ning, aerial and space photogigphyj drilling, and 
sample analysis, as well as the compilation, aiildysis, 
and reporting of resource data. 

Fossil Fuel Transportation 

. The development, design, constnictioii, and op^ 
eratioQ of advanced systems and components to 
transport fossil fuels from point of origio to point 
of use. The technology focuses on such systems as 
unit^ trains, pipelines, ^and conveyor systems. 

Mihing and Beneficiitiok 

. The design, cons^ction, and operqticAi of sys- 
temis and processes -to extract useful resourdes fibm 
. geological formations; and the. development Ipf tech- 
' niques and methods to concentrate or uD^^e ores 
^ to a higher content of the desired materia}. The 
technology includes both underground and i^ace 
extraction techniques. ' / ^ 

Nuclear Safeguards ^^^v . 

' " The development, ^esign,*constniction, and op-' 
eration of systems, method^, and devices to lkccount 
for « and control nuclear materials, and to prevent 
sabotage, theft, or other uses that could threaten 
life or property. . 



Supilbrt to the Nuclear Fuel Qycle . 

Tl^e development, desi^; construction, and op- 
eration of facilities, Systems, componenltf, and proc- 
esses to recover fissionable material from thexihenii- 
cal processing of spent nuclear fuels -Irom power 
reactors, and to refabricate that material into fuels 
for reinsec|ion into the rctfctor systems. The tech- 
nology focuses on the management and octroi of 
the radioactive waste p^uced incident to the recov-t 
ery of fissioQable material, and Is applied to light 
water reactors, Igias-cooled reactors, and breeder 
reactor systems;. 
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I ' llranium Enrichment 

' The developmeo^iligyiQ^^p and op- 

, eratioa^ of sy^ems, processes, iind components to 
- permit isotopic separation and enrichment of the 
isotope U-2?5 in uraniui^or use as nuclear fuel. 
.The technology, includes such processes as gaseous 
diffusion, centrifugation, and advanced systems in- 
volving lasers and aeronozzles. 
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Waste Management < 

The development, design, construction, and op- 
eration of systems and components to permit the 
safe management, transport, storjage, and eventual 
disposal of radioactive wastes in an environmentally 
acceptable, nonhazardous' manner. The technology 
also includes the management of noxious wastes* ^ 
resulting from the use of other energy r^urpes. ; 
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